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This On© 



Communications 




I think Arthur Kantrowitz is do- 
ing the serious space effort consid- 
erably more damage than benefit 
with his article about "The Relevance 
of Space" (Bulletin, April 1971). 

First, Dr. Kantrowitz is making it 
very easy for himself, in dismissing 
the critics of the results of technol- 
ogy as "fashionable," "frequently 
superficial" and as "naive pessi- 
mism," without any attempt to dis- 
tinguish between different types and 
topics of the critics. He also claims 
that these types of critical views are 
producing an impact as self-fulfilling 
prophecies with "deadening conse- 
quences." 

Does he mean, for example, that 
concern about the arms race is naive 
pessimism with deadening conse- 
quences? Or that suggestions that 
the money put into some of the space 
projects could be used in other ways 
are superficial? It is unfair to dis- 
miss one of the most urgent prob- 
lems of today, that of proper use of 
limited resources, in this way. 

Dr. Kantrowitz' purpose in his ar- 
ticle is obviously to defend the use- 
fulness of a continued, large space 
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program. He puts forward a sugges- 
tion of mass emigration into space as 
a mean of solving the overpopula- 
tion problem of the Earth. He then 
discusses where all these space peo- 
ple could be employed, to be eco- 
nomically viable. He finds that "gen- 
eration, processing and transmission 
of knowledge" is an activity where 
"space groups would not find them- 
selves at any economic disadvantage 
compared to their earthbound com- 
petitors." 

There are several points in the 
article I would like to comment on. 
Is it overall possible to fight an in- 
creasing world population with 
space emigration? Or, as Dr. Kan- 
trowitz puts it, "Let me ask if there 
is a solid reason why this hope can- 
not be seriously put forth?" I think 
there are some solid reasons against 
this hope, but they are of course not 
technical but mainly economical in 
nature. 

Allow me to make some very qual- 
itative calculations, to show what I 
mean. The yearly increase in world 
population is about 100 million, 
which means a daily increase of 



about 250,000. Imagine large space 
shuttles each carrying 1,000 passen- 
gers. This means one lift-off every 
fifth minute to cope with the pop- 
ulation growth. If we use Dr. Kan- 
trowitz' figures, then the energy cost 
of SlO per pound in orbit could be 
attained, and each person could be 
allowed to bring 10,000 pounds to 
keep alive. From that we get a cost 
of $100,000 per person in orbit. 
This, in turn, means a total energy 
cost of $10,000 billion (10") per 
year, which is 10 times the present 
gross national product of the United 
States. On top of that we now have 
to add the cost of building and main- 
tenance of large spaceships and sta- 
tions, which probably requires much 
more investments than the energy to 
put it all into orbit. 

This is only from the economical 
point of view. Who is now going 
to give this all to the people of the 
poor countries, who account for most 
of the population growth, and do 
they want to have it? What people 
should be selected for a life in space, 
and who should be left on a possibly 
more and more unpleasant Earth ? 

If you want to defend space re- 
search and technology there are oth- 
er applications, more serious, that 
should be discussed, for example, 
scientific exploration, improved 
weather forecasting, mapping of nat- 
ural resources and the like. Of 
course, these applications are not 
necessarily of pure benefit to man- 
kind, their value depends on who is 
using them and how they are used. 
Here is the field where a discussion 
of "The Relevance of Space" should 
take place. 

It is also necessary that a discus- 
sion on the overpopulation problem 
should be held in more socioeconom- 
ic terms, to really make one under- 
stand the nature of the problems. 
Technical solutions, like mass trans- 
portations, could at most take away 
some of the symptoms of a wrong 
system. 

The proposition to let the space 
stations become economically viable 
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by making them deal with "genera- 
tion, processing and transmission of 
knowledge," or plainly be schools, 
is to me an unnecessary and danger- 
ous one. Do we really need to go up 
in space to be able to think? The 
problems to be solved on Earth — in 
order to make it habitable to all man- 
kind — are definitely of the type that 
require the presence and active par- 
ticipation of the problem-solvers. A 
kind of elite, at least socially, com- 
pletely isolated up in the sky can 
never solve those problems in an ac- 
ceptable way. As an example, let us 
just look at ourselves, isolated from 
the poor peoples in an environment 
completely different from theirs. 
We are obviously not able to effi- 
ciently attack and solve the main 
problems of the poor countries, prob- 
lems like uneven income distribu- 
tion, land reforms, democratic gov- 
ernments, freedom from sickness, 
etc. And we already have, for exam- 
ple, in the universities, lots of quiet 
thinking places with good communi- 
cations to the surrounding world, as 
good as between space and earth. 

I think that Dr. Kantrowitz' prop- 
osition is sheer romanticism, and I 
hope that this odd suggestion of 
solving the population problem will 
soon be forgotten, for the benefit of 
the more realistic discussion. I also 
believe here is a place where the Pug- 
wash movement could find an im- 
portant role to play, in pointing at 
the real problems and initiating rel- 
evant discussions. 

Lars Kristoferson 

Division of Plasma Physics 

The Royal Institute of Technology 

Stockholm, Sweden 

* * * 

Arthur Kantrowitz' classification 
of misgivings about uncontrolled and 
haphazard growth of technology as 
"naive pessimism" is naive, and since 
he chooses to classify people of dif- 
ferent ideas it might be called "naive 
irrelevance." 

Assuming that emigration to space 
is possible opens the way to pour 
further untold amounts of money 
into space research. But it bypasses 
the questions if this would represent 
an advance for man, and if this is a 
problem deserving priority under 
today's conditions? 



Man has not begun to solve prob- 
lems of a social or ethical nature; 
problems which are aggravated by 
the "thing mindedness" fostered by 
technology and its handmaiden, 
Madison Avenue. The people of the 
earth are blessed with all kinds of 
technical gadgets and innovations, 
and this stream drives man away 
from real advancement. Needless to 
say, we cannot do without technolo- 
gy: we could not hope to feed and 
house the people living today, let 
alone those expected, even under best 
circumstances, by the end of the 
century. 

But the technology we need is 
one of housing, transportation (mass 
transportation, not more individual 
cars), health care, etc. We should 
devote all our technological skills 
to these fields rather than to explora- 
tion of space, because we might at 
some time be able to migrate into 
space. 

And we should spend an infinitely 
larger effort on understanding and 
reducing human friction, injustices 
and inequalities. 

In light of these needs to speak of 
space exploration at all, certainly 
in the sense of practical application, 
is irrelevant and naive, if not out- 
right indecent. 

Victor Paschkis 

Potlstotvn, Pa. 



Kantrowitz Replies 

Kristoferson's critique of my ar- 
ticle makes points criticizing elements 
which I never claimed. I never said, 
for example, that the concern about 
the arms race is naive pessimism. 
Regarding the economic calculation 
he makes, he chooses the highest fig- 
ure that I gave, 500 times the energy 
cost, and then adds costs on top of 
that. It seems to me very likely that 
the high figure I gave for the energy 
cost of launching into space is a 
target we will learn to surpass. In 
addition, he asks if our present econ- 
omy would support the launching of 
all of the current population in- 
creases into space. I agree that it 
will not. 

It seems to me that among the 
many things we must do about the 
population explosion, it is wise to 
open up options in space. To im- 
plement these options we must hope 
that in the future the world economy 
will continue to expand as it has in 
the past. 

I was pleased to note that in em- 
phasizing the question "what people 
should be selected for a life in 
space, . . ." Kristoferson seems to ac- 
cept my hope that it will eventually 
be more attractive than life on earth. 

Arthur Kantrowitz 

Everett, Mass. 
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WALTER a CLEMENS, JR. 

Andrei Sakharov, who is regarded more than any other scientist 
as the father of the Russian hydrogen bomb, "may <dso be recorded 
in history as one of the most valiant and perhaps successful fighters 
for political freedom and human rights in the Soviet Union." Here 
is "a man for our times." Professor Clemens, a political scientist 
at Boston University, is an associate of the Russian Research Center, 
Harvard University. 

SAKHAROV: 
A Man For Our Times 



Shulubin, a patient in Solzhenit- 
syn's "Cancer Ward" quotes a few 
lines of Pushkin for Oieg, another 
inmate: 

In out vile times 

. . . Man was, whatever his element, 
Either tyrant or traitor oi prisoner! 

Oleg had spent the best years of his 
life in prison camps or in exile, while 
Shulubin had been "free" on the out- 
side. Though not a prisoner, Shulu- 
bin felt himself a traitor. For he 
had voted with the majority to de- 
nounce and destroy other persons; as 
a teacher he had mouthed whatever 
doctrines were approved ; demoted 
to a librarian, he burned whatever 
books were condemned. More than 
Oleg, he had lived in fear. 

Andrei Sakharov has been neither 
tyrant nor, as yet, a prisoner. He 
has been true to his own ideals, and 
hence no traitor — at least in the sense 
of Pushkin and Shulubin. 

More than any other scientist, 
"father of the Soviet hydrogen 
bomb," Sakharov may also be re- 
corded in histor) as one of the most 
valiant and perhaps successful fight- 
ers for political freedom and human 
rights in the Soviet Union. In the 
late 1940s and early 1930s his contri- 
butions were decisive to his country's 
mastering of fusion weaponry. By 



the late 19'iOs, however, he emerged 
as a social critic and innovator, even 
while continuing his work in physics, 
which seems to have broadened its 
focus from intensive study of minute 
fragments of matter and energy to 
a concentration on the totality of the 
universe. In 1959 he opposed the 
glacial leveling thrust of Khrush- 
chev's educational reforms and cham- 
pioned special schools for gifted 
children and a revitalization of math- 
ematics in the entire educational 
system. In the early 1960s Sakharov 
entered the struggle against Party 
dictation and Lysenkoism in genet- 
ics. When the Party considered re- 
habilitating Stalin in the mid-1960s, 
Sakharov joined others in a letter of 
protest which seems to have stayed 
the hand of the neo-Stalinists. 

These efforts were spectacular in 
Soviet conditions, both for their cour- 
age and also for their degree of suc- 
cess. But they were eclipsed by a 
series of programmatic statements 
authored or co-authored by Sakharov 
in 1968-70. Besides his participation 
in numerous protests directed against 
the arrest or incarceration of individ- 
ual dissidents, Sakharov has drafted 
or co-authored three major state- 
ments that stand in logical sequence 
to each other. His longest and most 
general essay has been the manu- 



script "Thoughts on Progress, Peace- 
ful Coexistence and Intellectual Free- 
dom," which was privately circulated 

in the USSR in 1968. (It was pub- 
lished by the "New York Times" on 
July 22, 1968, and subsequently as a 
book by W. W. Norton, with an in- 
troduction and notes by Harrison 
Salisbury.) 

Much of the Soviet's 1968 plan 
dealt with international cooperation, 
and hence was dependent for its im- 
plementation on actors outside the 
Soviet Union. But in 1970 Sakharov 
helped to draft two additional docu- 
ments pertaining directly to Soviet 
life. In March 1970 Sakharov to- 
gether with Valentin F. Turchin, a 
scientist, and Roy A. Medvedev, a 
historian, wrote a letter to the Party 
and government of the USSR sug- 
gesting 14 points for increasing the 
role of freedom in the Soviet eco- 
nomics and politics. Applying some 
of these points, Sakharov and two 
other physicists, Andrei N. Tverdok- 
hlebov and Valery N. Chalidze, an- 
nounced in November 1970 the for- 
mation of a Committee for Human 
Rights to seek ways of guaranteeing 
personal freedom in the Soviet 
Union. 

As a member of this Committee, 

Sakharov sent an open appeal to 
the Supreme Soviet on September 
20, 1971, urging that all bars on 
emigration be lifted. The letter, cir- 
culated among foreign newsmen by 
dissident sources, also demanded an 
amnesty for ail citizens who have 
been jailed for illegally attempting 
to It.uc the country, as well as an 
amendment to the criminal code de- 
signed to remove the stigma of "high 
treason" from such attempts. 

Each of these documents, it should 
be emphasized, calls for reform with- 
in the system. This stress on the de- 
sirability and feasibility of the legal 
system as a vehicle for reform is not 
shared by many Soviet dissidents, 
some of whom urge civil disobedi- 
ence. If the changes advocated by 
Sakharov and other legalist reform- 
ers were accepted, however, they 
would surely be revolutionary in the 
sense of bringing about major 
changes in Soviet life. Like the 
aborted reforms of Alexander Dub- 
cek in Czechoslovakia, Sakharov's 
suggestions may be one of the most 
powerful ways of revitalizing the 
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moribund communism of the Soviet 
sphere. Not surprisingly, however, 
the Communist Party of the Soviet 
Union has expressed a growing alarm 
over the efforts of Sakharov and 
others like him. 

Scientists Criticized 

The importance of Sakharov's 
ideas and the influence of his de- 
mands for greater freedom at all lev- 
els of Soviet life were attested in Oc- 
tober 1970 by a special report of the 
Party's Central Committee criticiz- 
ing scientists at the country's lead- 
ing physics institute, where Sakha- 
rov works, for showing insufficient 
hostility to Western ideas. The Cen- 
tral Committee's report, published 
in the bimonthly Party journal, "Par- 
tiinaya Zhizn'," rebuked the local 
Party organization at the Academy 
of Sciences' Lebedev Institute in 
Moscow for inadequate activity in 
the ideological sphere. The local 
Party cell, the report charged, "in- 
sufficiently analyzes the ideological 
and political work in the collective 
of the institute and looks after its 
further improvement in weak fash- 
ion." To rectify the situation, 
the Central Committee ordered a 
stepped-up campaign there to "in- 
still among scientists an irreconcil- 
able attitude to the ideological con- 
ceptions of anti-Communism and re- 
visionism." Such efforts were need- 
ed, the report declared, because sci- 
entists at the institute "do not have 
permanent ties with the working col- 
lective; insufficiently engage in the 
dissemination and propaganda of sci- 
entific knowledge; work on and pub- 
lish few works on the philosophical 
problems of natural science; and do 
not show necessary staunchness in 
the struggle against unscientific, 
idealistic conceptions of bourgeois 
scientists." 

The Central Committee appeared 
to be raising the sights of its own 
campaign to keep Soviet intelligent- 
sia within the bounds of Party or- 
thodoxy. Earlier criticisms published 
in "Kommunist" in December 1968 
and in "Sovetskaya Rossiya" in Feb- 
ruary 1969 were ostensibly aimed at 
younger scientists, although they cer- 
tainly contained an implicit warning 
to senior scientists to toe the line as 
well. The 1968 "Kommunist" ar- 



ticle, for example, expressed con- 
cern that some of the younger scien- 
tists at the Obninsk Physical Energy 
Institute "regard such concepts as 
democracy, freedom of personality 
and humanism as abstract concepts 
outside of the class context." The 
Party journal blamed senior scien- 
tists for neglect of the ideological in- 
doctrination of their younger col- 
leagues, reporting that directors of 
research institutes sometimes replied 
to criticism by saying: "I need scien- 
tists, not propagandists; a scientist 
should be concerned only with sci- 
ence. " Reporting a similar state of 
affairs, the newspaper "Sovetskaya 
Rossiya" noted that young scientists 
often showed signs of "skepticism, 
apolitical attitudes, nonclass interpre- 
tations of such concepts of democra- 
cy, personal freedom and humanism, 
and a misunderstanding of the role 
of the press and other means of mass 
information." 
These admonitions to Soviet scien- 




tists were part of a larger campaign 
initiated by a set of stringent resolu- 
tions passed at the Communist Party 
plenum in April 1968, calling for 
more ideological awareness among 
the Soviet people. The Party was 
concerned because of the growing 
apathy among the Soviet people to- 
ward matters of ideology (a trend 
that Moscow has tried to counter in 
part by its handling of the dangers 
along the Sino-Soviet frontier); an 
increase in protest movements and 
unilerground literature; and the chal- 
lenge in 1968 from the uncensored 
and dynamic movement toward so- 
cialism with a human face in Czecho- 
slovakia. This was also the context 
in which Sakharov's manuscript ap- 
peared — "Thoughts on Progress, 
Peaceful Coexistence and Intellectual 
Freedom" — the very title of which 
resonated with the "nonclass con- 



ceptions" judged unacceptable by the 
Party press. 

Impact Evaluated 

It is difficult to evaluate the im- 
pact of Sakharov's ideas, but it seems 
likely that they have been widely dis- 
seminated in Soviet intellectual cir- 
cles and that they have been reviewed 
by leaders of the Party and govern- 
ment apparatus. Soviet participants 
in international scientific conferences 
indicate that his ideas have received 
a positive response from many if not 
most intellectuals, though many So- 
viet scholars find part of his sugges- 
tions to be naive, silly or counter- 
productive at this moment in time. 
Many Soviets find his appraisal of 
U.S. foreign policy behavior to be 
particularly optimistic, and his no- 
tions for reform of Soviet society 
to be quite Utopian. Indeed, it would 
seem quite unlikely that the guardi- 
ans of ideological orthodoxy in Mos- 
cow and — still more — in provincial 
Party headquarters could look with 
anything less than deep alarm at the 
challenge which Sakharov and other 
intellectuals present to the status quo. 
It is even more doubtful that Sakha- 
rov's way of thinking is familiar 
among the working and peasant 
classes of Soviet society or that, if 
reported to them, they would wel- 
come the programs he advocates. 

Sakharov's proposals and those of 
other Soviet intellectuals are impor- 
tant, however, no matter how cir- 
cumscribed their following may be 
at this time. This essay will attempt, 
first, to describe the milieux in which 
these intellectual currents have devel- 
oped and, .second, to analyze some of 
the prospects for the political action 
programs he puts forward, for the 
USSR, for superpower cooperation 
and for international cooperation 
generally. 

The major essays circulated by 
Sakharov in 1968 and 1970, together 
with the statements of protest signed 
by him and other scientists in support 
of the civil rights of Soviet dissenters, 
jolted me. This was in part because 
of my own experiences as a visitor 
to the Soviet Union on four occa- 
sions, the first being in 19^8-59 when 
I took part in the first year-long ex- 
change of U.S. and Soviet graduate 
students. 

The level of intellectual activity 
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in the social sciences in 1958 was, 
from all appearances, quite dull and 
repressed. Women and army vete- 
rans were conspicuous in the facul- 
ties of history, literature and phil- 
osophy, while the brightest young 
men went into "mechanical mathe- 
matics," physics and biology (in that 
order). Those bright young men 
who could not stand city life — close 
to the danger of Party dictation — 
chose fields such as geology or geo- 
graphy that would take them to the 
unexplored regions of the Soviet 
Union. While I seldom discussed 
politics with natural scientists at 
that time, it was noticeable that they 
seemed to take the opposite side from 
social scientists whenever the univer- 
sity arranged a debate on a subject 
such as "the value of art in the 
modern world." Such debates were 
intended, from the Party's stand- 
point, to reaffirm socialist realism 
as against modern, abstract art. 
While my history colleagues usually 
argued that art should be understand- 
able to the masses, students of phys- 
ics maintained that their research 
demonstrated "reality" to be many- 
faceted, unable to be captured by 
any one-dimensional mode of expres- 
sion. 

Dogmas Challenged? 

I left Moscow in 1959 wondering 
whether the scientists of tomorrow 
might not be entertaining ways of 
thought profoundly at variance with 
those that had been upheld by Stalin 
and his successors. At the same time. 
Western sociologists were debating 
the significance of the new techno- 
cratic and scientific intelligentsia in 
the socialist countries. Some sociolo- 
gists contended that freedom of 
thought was necessary for scientific 
research, and that this would pro- 
duce a spirit of open-ended inquiry 
that would eventually challenge the 
dogmas of the Party line. A more 
pessimistic analysis held that scien- 
tists could be insulated, and that en- 
gineers were particularly likely to 
have a narrow vision limited to their 
practical specialty. Furthermore, 
these men would understand that 
their right to carry on scientific or 
technological investigation, as well 
as to acquire personal affluence, was 
contingent on working faithfully 
within the system. Both lines of 
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argument were plausible; only time 
and further events would indicate 
which side was empirically correct. 

Some evidence to support the more 
optimistic version of this argument 
began to accumulate for me as I met 
Soviet scientists involved in the Pug- 
wash movement, a series of annual 
conferences at which scientists from 
the United States and the Soviet 
Union, as well as many other coun- 
tries, discuss key problems of science 
and world affairs. Like many of 
their American colleagues, writing 
in such journals as the Bulletin, these 
Soviet scientists demonstrated a deep 
interest in social problems and a 
creative approach to them, having 
little in common with the pedes- 
trian approach evident in the social 
science departments of Soviet uni- 
versities. One man that made a par- 
ticularly deep impression on me was 
Sakharov's mentor: the white-haired 
Igor Tamm, a Noble prize-winning 
physicist whom I met during an in- 
terlude in the 1962 Pugwash con- 
ference held in London, where we 
talked on a boat trip up the Thames. 
His deeply lined face and penetrat- 
ing eyes seemed to suggest the con- 
cerns that he felt for humanity as a 
whole. But I wondered whether 
Tamm's attitudes did not reflect the 
fact that he had spent much time 
abroad and /or that he was now 
reaching the end of his career, so 
that his views would be much dif- 
ferent from Soviet scientists with 
little knowledge of life in other 
countries or whose own careers 
would suffer dramatically if they 
displayed unorthodox views. 

1968 Sakharov Manifesto 

None of these experiences pre- 
pared me for the Sakharov manu- 
script on progress, coexistence and 
intellectual freedom, which the 
"New York Times" published in 
1968. This work gives us the fuller 
spectrum of the thinking that lay 
behind the letter that Sakharov, Tur- 
chin and Medvedev sent to leaders of 
the Soviet Party and the government 
on March 19, 1970. This 1968 mani- 
festo, I thought, provided the most 
penetrating analysis of modern so- 
ciety and the most farsighted pre- 
scription for its ills that I had ever 
seen. I took a copy of the manuscript 
with me that summer to Czechoslo- 



vakia, and found that many intellec- 
tuals there had heard of it, but had 
not yet read it. Later that year I 
discussed the manuscript also with 
some Soviet economists and histori- 
ans who said they were "familiar" 
with Sakharov's work (thus begging 
the question of whether they had 
actually read it), and judged it to 
be "unrealistic." Just why it was 
unrealistic, however, they did not 
say. 

Realistic or not, the book regis- 
tered a great impact on American 
scholars as well as those in other 
countries. At the Massachusetts In- 
stitute of Technology, for example, 
a symposium was held on the Sakha- 
rov manuscript, in which I. I. Rabi, 
Jerome B. Wiesner, Bernard Feld and 
other distinguished American scien- 
tists discussed the responsibility of 
intellectuals, the relation between 
science and politics and other topics 
developed by Sakharov. A group 
was formed to write a kind of Ameri- 
can analogue to the Sakharov manu- 
script; one that analyzed its relevance 
to the United States and that devel- 
oped points that Sakharov omitted 
or touched on only lightly. But this 
group never succeeded in drafting 
a comprehensive rejoinder, partly be- 
cause of the breadth of topics Sakha- 
rov had integrated in his own memo- 
randum and partly because of the 
difficulty in hammering out a state- 
ment acceptable to a group. Never- 
theless, a number of individuals in 
the United States and Europe have 
published personal responses to the 
Sakharov manuscript. 

The potential global significance 
of the Sakharov manifesto — apart 
from its relevance to Soviet society 
— was underscored in a letter by 
Charles C. Gillispie to the "New 
York Times" (July 28, 1968) shortly 
after publication of the manuscript: 

In its rationality, factuaiity and 
hum.inity, it is a bracing document. 

What a change there could be if 
this restrained but urgent statement 
became a charter for a serious 
movement among rational and in- 
formed people to lead opinion and 
policy in the direction of the recom- 
mendations. 

There must be a host of such per- 
sons who, deeply apprehensive 

(Continued on page 51) 
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SALT and Its Illusions 



The major objectives of the Stra- 
tegic Arms Limitation Talks are to 
stop the nuclear arms race, to begin 
nuclear disarmament and to reduce 
the probability of the outbreak of 
nuclear war. As the talks continue, 
there is rising optimism in the Amer- 
ican scientific community that the 
talks will achieve these objectives. 
Because scientists are especially aware 
of the terrible costs and dangers of 
the nuclear arms race, any develop- 
ment which may lead to a reduction 
of these costs and dangers will be 
viewed optimistically by them. But 
the crucial question is whether this 
optimism is justified. My position is 
that this optimism is very probably 
not justified, and that we may become 
the victims of false and perhaps 
dangerous wishful thinking. 

There is little doubt but that SALT 
will lead to headline-producing 

agreements on some specific aspects 
of nuclear weapons. These agree- 
ments are expected to limit the size 
of ABM (antiballistic missile) sys- 
tems, to limit the number of land- 
based ICBMs (intercontinental bal- 
listic missiles) and perhaps to limit 
the number of submarines carrying 
missiles with nuclear warheads. How- 
ever, achieving these agreements is 
by no means the same as achieving 
the major objectives of SALT. In 
fact, equating these narrow agree- 
ments with the major objectives of 
the talks can only be done if one 
adopts a number of misconceptions 
or illusions about the nature of the 
nuclear arms race. I believe it is the 
adoption of one or more of these 
illusions which permits the scientific 
community to be optimistic. 

The first illusion is that SALT 
can be truly successful even though 
both the United States and the So- 
viet Union continue the installation 
of MIRV (multiple independently- 



"/ expect no more from SALT than from the Test-Ban Treaty 
because the SALT talks are being conducted by the same diplomatic 
methods. . . . There is the same emphasis on petty maneuvering and 
on minor technical questions. There is the same intrusion of other 
international problems. There are the same controUed leaks to the 
press. There is the same almost paranoid cautiousness on both sides. . . . 
The entire atmosphere is more suitable to a 1920 negotiation on naval 
limitations or BaUcan boundaries." Professor Perl is professor of 
physics at the Stanford Linear Accderator Center, 



targeted reentry vehicles) warheads 
on their intercontinental missiles. 

This illusion, "nuclear stability 
through, or in spite of, MIRV" has 
been discussed by others and I shall 
only summarize the arguments. The 
second illusion is broader and deep- 
er. MIRV is only the latest exam- 
ple of a major innovation in nuclear 
weapons technology, an innovation 
which will increase the instability of 
the arms race. The ultimate effect 
of most research, development and 
testing in offensive and defensive 
nuclear weapons technology is to pro- 
duce such destabilizing innovations. 
Thus the second illusion is that the 
major objectives of SALT can be 
attained even though the superpowers 
continue to carry out research, de- 
velopment and testing on nuclear 
weapons technology. The third illu- 
sion is somewhat different. It is the 
illusion that, even though SALT's 
concrete accomplishments turn out to 
be small, the talks are a useful first 
Step. This is the mildest of the illu- 
sions because it is based on the smal- 
lest amount of optimism, but it may 
be the most dangerous. 

I shall use the conventional phrase, 
"nuclear arms race," to describe the 
situation in which both superpowers 
continually increase the number and 
types of their nuclear weaponry, 
sometimes to get ahead of their ad- 
versary, sometimes to catch up with 
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their adversary. I include defensive 
weapons because they can be just as 

threatening as offensive weapons. 
The word "race" is not a good one 
because there is no final goal in 
this race, but I have not found a bet- 
ter word. For example the phrase 
"mutual growth of nuclear weapon- 
ry" misses the fits and starts, the 
erratic changes of pace, which char- 
acterize the increase. 

Most thinking about the nuclear 
arms race and most negotiations 
about nuclear weapons are based on 
the concept of mutual deterrence. 
Similarly the illusions about the nu- 
clear arms race are intimately con- 
nected with the deterrence concept. 

For 20 years the United States and 
the Soviet Union have been increas- 
ing the quantity and the effectiveness 
of their nuclear weapons. Yet there 
has been no nuclear war. It is gen- 
erally believed that the reason there 
has been no war is that a situation 
of mutual deterrence has existed. 
The absence of nuclear war in the 
late 1950s and in the 1960s is at- 
tributed to the circumstance that 
neither the United States nor the 
Soviet Union could completely de- 
stroy the other side's nuclear weap- 
ons by a first strike. No matter who 
struck first, the other side could al- 
ways retaliate with nuclear weapons 
in sufficient quantity to cause enor- 
mous death and destruction. Thus 
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both countries were able to deter 
the other country from starting a nu- 
clear war. This then is the mutual 
deterrence concept. 

The concept of mutual deterrence 
certainly has value both as an ex- 
planation of the historic fact that 
there has been no nuclear war and 
as a basis for strategic thinking. But 
it has taken on an important far 
beyond that value. Both the United 
States and the Soviet Union now be- 
lieve fervently and almost religiously 
in the importance of the deterrence 
concept and in the importance of 
their deterrent forces. The major 
concerns of both sides are how to 
strengthen their own deterrent, how 
to protect their own deterrent, how 
to weaken the other side's deterrent. 
The major question associated with 
any change in the number or kinds 
of strategic weapons is "What will 
it do to our deterrent and what will 
it do to their deterrent?" 

For the United States the preser- 
vation and safety of its deterrent 
forces has now assumed overwhelm- 
ing symbolic importance. The same 
appears to be true for the Soviet 
Union. Any threat to those deter- 
rent forces is taken very seriously. It 
does not matter if the threat is small 
compared to the size of the deter- 
rent force, if the threat is directed 
toward only one part of the deter- 
rent forces or if the threat will occur 
5 or 10 years in the future. In many 
ways the deterrent forces have be- 
come the symbol of the nation's vi- 
rility. Even the language of deter- 
rence is the language of virility. "Is 
our deterrent aging.-'" 'Is our de- 
terrent ohsolescent ?" "To lose one's 
deterrent is to lose everythmg." (I 
shall return several times to this 
concept — necessary for the under- 
standing of much of the dynamics of 
the nuclear arms race and SALT.) 

There are three pillars which, both 
for the United States and the Soviet 
Union, support the belief in the ef- 
fectiveness of the deterrence con- 
cept. One pillar, which is now being 
threatened by the advent of MIR'V, 
is the fact that a missile carrying a 
single warhead can only attack one 
target on the ground. In the past, 
to destroy an opponent's ground- 
based missile force, one had to ex- 
pend at least as many missiles as 



one wished to destroy. In fact, to 
be sure that complete destruction was 
achieved one would have had to ex- 
pend many missiles for each oppo- 
nent's missile; there was a disad- 
vantage in making a first strike. 
Thus, in the 1960s, one of the pil- 
lars of the deterrence concept was 
the relative ineffectiveness of a first 
strike against land-based missiles. 

A second pillar of the deterrence 
concept is the invulnerability of mis- 
sile-carrying, nuclear-powered sub- 
marines. No nation has built a sys- 
tem which can find and destroy these 
submarines, so that a nation with 
such a submarine force can always 
retaliate after it is initially attacked. 

The third pillar of the deterrence 
concept is the present technical in- 
ability of any nation to build an 
effective ABM system. A country 
contemplating making a first strike 
in .1 nuclear war must face the facts 
that (I) the attacked nation will re- 
taliate with missiles armed with nu- 
clear weapons and (2) the attacking 
nation will not be able to shoot down 
a substantial number of diese re- 
taliating missiles. 

Pira lUusion 

I have noted that in the 1960s one 
of the pillars of the deterrence con- 
cept was the low effectiveness of a 



first strike against land-based mis- 
siles. MIRV is rapidly increasing 
that effectiveness and is thus destroy- 
ing that pillar. This increased effec- 
tiveness comes from two technical 
improvements — the placing of sev- 
eral independently-targeted war- 
heads on a single missile and the in- 
creased accuracy of the targeting of 
the warheads. The effectiveness is 
easily calculated by the formula pre- 
sented below. 

[probability of destroying ~| _ 
one missile site J ~ 

In the formula y is the warhead yield 

in megatons, N is the number of war- 
heads attacking the site, H is the 
hardness of the site in pounds per 
square inch and CEP is the radius of 
a circle, in nautical miles, within 
which the warhead has a 50 per cent 
change of landing. With the advent 
of MIRV, N increases and the CEP 
decreases. Thus the probability ap- 
proaches 1. This is shown in Figure 
1 for H = 300 psi, the hardness of 
existing sites and for a hypothetical 
future hardness of 1,000 psi. At the 
beginning of the 1960s the CEP was 
about one mile, now it is about one- 
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quarter mile for the Minuteman III, 
in five years it will probably be one- 
eighth mile, and even one-twentieth 
mile — a city block — is thought to 
be technically feasible. When P goes 
above 95 per cent one of the pillars 
of the deterrence concept begins to 
crumble. Figure 1 will help to in- 
dicate when this will happen. 

Yet from a rational standpoint this 
crumbling of one of the pillars of 
the deterrence concept does not seem 
desperately serious. After all, there 
are still two pillars left. The ad- 
vent of MIRV does not threaten the 
safety of missile-carrying submarines. 
The advent of MIRV does not change 
the inability of any nation to build 
an effective ABM system. Add to 
all this the fact that the United 
States possesses a large, nuclear- 
bomb-carrying, Strategic Air Force 
and the fact that both superpowers 
possess large numbers of tactical nu- 
clear weapons. Thus the reality is 
that the strength of the deterrent 
forces on both sides is still enormous 
in spite of the coming of MIRV. But 
unfortunately it is mostly not reality 
that now controls strategic thinking; 
it is the symbolism of the deterrence 
concept which is of paramount im- 
portance. Only one part of our de- 
terrent forces, the land-based ICBMs, 
is being threatened. But that threat 
is by itself of great symbolic impor- 
tance. Tlicrcfoic it must be answered 
with an amount of activity and with 
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a desperation far in excess of the real 

extent of the threat. 

The governments of the United 
States and the Soviet Union are both 
answering the MIRV threat to their 
land-based ICBM deterrence forces 
in the same way. They are each try- 
ing to make better MIRV-type mis- 
siles. They are each thinking about 
hardening missile sites and about 
building ABM systems to protect 
missile sites. They are both pushing 
R&D to find technical counter-threats 
to MIRV. All these activities to 
counter MIRV lead to instabilities 
in and escalations of the nuclear arms 
race. The escalations do not appear 
as increases in the number of weap- 
ons but as escalations in the effec- 
tiveness of defensive and offensive 
weapons. The major objectives of 
SALT are completely incompatible 
with such activities. Yet there is no 
expectation that SALT will lead to 
any agreements limiting these de- 
.stabilizing activities. 

SccojkI Illusion 

Although the appearance of MIRV 
is frightening enough in itself, we 
must realize that MIRV is only the 
latest example of how technological 
innovations produce instabilities of 
and escalations in the nuclear arms 
race. Consider what would happen 
if a method was found to find and 
destroy, in a short time period, 90 
per cent of a nation's nuclear sub- 
marine fleet. Such a discovery would 
destroy the second pillar of the de- 
terrence concept — the invulnerabili- 
ty of the missile-carrying, nuclear 
submarine. 

It does not really matter if the 
United States should find the method 
first; the Soviets would certainly de- 
velop it in a few years. What would 
we do? We could increase our mis- 
sile-c.irrvin t; submarine fleet from 40 
to 400 vessels, thus still having 40 
vessels left for a retaliatory attack, 
but breaking perhaps an agreement 
produced at SALT. Or we could 
start a large research program on 
counter-counter measures. Or we 
could think about a preemptive first 
strike before our submarines were 
actually threatened. We can take 
our choice as to which of these we 
would do, but whichever we choose 
it will be an escalation of the arms 
race. Finally one must realize that 
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for this escalation to occur it is not 

necessary that a 90 per cent effec- 
tive method of destroying nuclear 
submarines be found. This escala- 
tion can occur even if there is only 
the threat or the fear that such a 
method is about to be discovered! 

How probable is it that a way can 
be developed effectively to find and 
destroy nuclear submarines? It is 
more probable than we would like 
it to be, for we would like that pro- 
bability to be precisely zero. V. An- 
derson, an authority on ocean tech- 
nology, has written, in the "Impact 
of New Technologies on the Arms 
Race, " that new acoustic detection 
technology "virtually removes the 
technical barriers to occanwidc ASW 
[antisubmarine warfare] surveillance 
and enfolds it in the economic con- 
straints that are dictated by the stra- 
tegic importance assigned to such a 
capability." According to this au- 
thority, the threat or the fear is al- 
ready here; indeed the only restraint 
would be the cost. Other authorities 
do not agree tli.u the solution to the 
technical problems are yet apparent, 
but both the United States and the 
Soviet Union are carrying out ex- 
tensive research on the technology 
of antisubmarine warfare. Scientists 
who believe th.it this technology can- 
not be substantially improved are, for 
scientists, in a strange position. They 
must believe that wc now know sub- 
stantially all that can ever be known 
about this technology or they must 
believe that somehow the researchers 
in this field will all be incompetent. 

There is no need to discuss with 
the same detail the third pillar of 
the deterrence concept — the present 
technical inability of any nation to 
build an effective ABM. It is not 
for the lack of trying that such an 
inability still exists. And even an 
ABM system that hardly works can 
be built using as one of the arguments 
the reasoning that the experience 
gained wmII be helpful in building 
an ABM that works. There is no 
doubt that it is the intention of our 
Executive branch to find out how to 
build an effective ABM. This, like 
the ASW research, illustrates the con- 
tinuous and intense effort made by 
governments to find new techniques 
and to develop new devices for use 
in the nuclear arms race. 

But this is not a new problem. 
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on the average, every four years since 
1950 there has been a major desta- 
bihzing innovation in nuclear weap- 
ons technology. As long as research, 
development and testing go on in 
nuclear weapons technology, there is 
no reason to expect any change in 
this rate of destabilizing innovation. 
Thus the heart of the problem is 
research, development, testing. This 
brings us back to the SALT talks 
with the c]uestion, "Will the talks 
effectively limit research, develop- 
ment and testing in nuclear weapons 
technology.'" 

The answer is that it is highly 
unlikely that any limit will be put 
on R&D. That subject is apparently 
not even being seriously considered 
at SALT. There is a very small pos- 
sibility that some limit might be put 
on the testing of MIRV. But, as I 
argue later, even this is unlikely. 
One reason for my pessimism is the 
recent tremendous emphasis of the 
U.S. Department of Defense on the 
importance of weapons research and 
on the existence of a research gap 
with respect to the Soviet Union. 
This is best illustrated by the follow- 
ing excerpt from a paper by J. S. 
Foster, Jr., in the "Defense Industry 
Bulletin." 

Today, while our research and 
development level of effort is now 
smaller, we believe that the United 
States is still technologically ahead 
of the Soviet Union — ahead on 
quality of weapons — by perhaps 
two or three years on the average. 



If present trends continue, however, 
the larger and increasing Soviet ef- 
fort could result in the following; 

The Soviet Union could assume 
technological superiority in military 
research and development in the 
latter half of this decade. This 
superiority might be observable by 
the mid-1970s through the appear- 
ance of unexpected prototype mili- 
tary systems which, if produced, 
could make major U.S. weapon sys- 
tems obsolete in the late 1970s. 
Their new missile silos may be an 
early first example of results of the 
incremental Soviet effort. 

Loss of U.S. technological su- 
periority would markedly reduce 
our understanding of the intelli- 
gence we do collect and, as a re- 
sult, seriously impair our confi- 
dence in our ability to make deci- 
sions about future weapon systems. 

Present relative trends in quali- 
ty, coupled with the comparable 
trends in quantity — indicated by 
relative numbers of improved weap- 
ons deployed — would seriously 
jeopardize the U.S. margin of se- 
curity in the 1975-85 time period. 

Recovery from such a loss of 
U.S. technological leadership would 
require enormous expenditures over 
many years — years of grave risk 
to our national margin of safety. 

Thus it appears that threats to our 
deterrent forces from the building 
of Soviet nuclear weapons are being 
replaced by threats to our deterrent 
forces from Soviet research on nu- 
clear weapons. These new types of 
threats are most insidious because 
they are difficult to answer and be- 
cause they easily lead to instabilities 
in the arms race. It is very difficult 



to verify the claims of our Depart- 
ment of Defense about what nuclear 
weapons research is being done in 
the Soviet Union. It is hard enough 
to verify the claims of DOD about 
what the Soviet Union has actually 
built. 

Because I have used the DOD ex- 
ample does not mean that I take 
them to be the only villains. If the 
Soviet Union's equivalent of the "De- 
fense Industry Bulletin" were avail- 
able to me, I am fairly sure that I 
could find a set of quite similar 
quotations. There is little doubt that 
R&D in nuclear weaponry is pur- 
sued as actively in the Soviet Union 
as it is in the United States and that 
their fears about new weapons are 
similar to ours. We seem, however, 
to be ahead by two to three years in 
much of this R&D, so we usually 
are the first to introduce the new 
weapon or weapon system. 

The proposal has been made that 
it is only necessary to ban the test- 
ing of all missile delivery systems 
for nuclear weapons. It is argued 
that such a ban, particularly if it 
took effect soon, would stop the fur- 
ther development of MIRV and of 
ABM systems. This in turn would 
stop the extensive installation of new 
systems using MIRVs or ABMs. This 
proposal is accompanied by the con- 
tention that the continuation of R&D 
on nuclear weapons is not only to 
be allowed — it is to be encouraged. 
The claim is made that by continu- 
ing to do extensive R&D on nuclear 
weapons, both sides will always know 
what is technically feasible. There- 
fore both sides will know what to 
expect in the future and there will 
be no destabilizing surprises. 

The proposal that nuclear weap- 
ons R&D be continued and strength- 
ened is closely related to the second 
illusion. First, as I argued above, 
weapons R&D is basically a desta- 
bilizing activity. It is an activity 
which constantly raises threats to the 
safety of our deterrent forces and 
constantly raises fears about the safe- 
ty of those forces. These threats 
and these fears need not be closely 
connected with reality; they need 
only be connected with symbolism 
and mystique which surround the de- 
terrent forces. And, as I have al- 
ready noted, we can easily threaten 
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From Figure 2 it can be seen that, 
ourselves through the all-pervasive 
fear that if we make a destabilizing 
discovery, the Soviet Union will also 
make that discovery. 

Second, there always exists the pos- 
sibility that continued research and 
development will lead to a new non- 
missile weapon which on an objective 
basis is destabilizing. Such a weap- 
on might be offensive or defensive. 
An example would be the invention 
of an ABM system using lasers or 
other electromagnetic radiation. Such 
a defensive weapon would immedi- 
ately destroy all three pillars of the 
deterrence concept. Such a weapon 
could be thoroughly tested even un- 
der the proposed ban on missile test- 
ing. 

Third Illusion 

The third illusion takes two slight- 
ly different forms. In the first form 
it is acknowledged that SALT will 
not achieve its major objectives: 
stopping the nuclear arms race, start- 
ing nuclear disarmament, reducing 
the probability of nuclear war. But 



it is claimed that the narrow agree- 
ments which will be achieved still 
represent substantial progress toward 
those objectives because of three 
beneficial long-range effects of these 
narrow agreements. These effects 
are (1) the slowing down of other 
aspects of the nuclear weapons race, 
(2) the providing of a "breathing 
space" in which further negotiations 
can be started and (3) the produc- 
tion of a better international atmo- 
sphere for broader negotiations on 
nuclear disarmament. In brief, SALT 
is regarded as a substantial step in 
the right direction. The second form 
of the illusion has a tougher appear- 
ance. It is regarded as naive to be- 
lieve that the major objectives of 
the talks are those stated above. 
Those major objectives are just part 
of the necessary publicity surround- 
ing the talks. The real objectives 
are simply to produce a few narrow 
agreements, which will then have the 
three, beneficial, long-range effects 
listed above. 

Thus both forms of the third illu- 
sion contain the beliefs that narrow 



agreements on nuclear weapons can 
slow down aspects of the nuclear 
weapons race and can provide a 
"breathing space." Unfortunately 
the historical evidence contradicts 
these beliefs. Past agreements related 
to nuclear weapons technology have 
had little effect on the pace of re- 
search and development in nuclear 
weapons technology, very little ef- 
fect on the rate of introduction of 
innovations in weapons technology 
and no effect on weapons technology 
not covered by the agreements. These 
points are best illustrated by con- 
sidering the Test-Ban Treaty of 1963 
which dealt with atmospheric test- 
ing. As shown in Figure 2, the rate 
of introduction of new and desta- 
bilizing nuclear weapons systems was 
not affected by that treaty. The ef- 
fect of the Treaty on the pace of nu- 
clear weapons research may be as- 
sessed from Figure 3. The United 
States has conducted more nuclear 
weapons tests per year since 1963 
than were conducted per year from 
1951 to 1963. The Soviet Union as 
usual is behind, but not far behind. 
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Yet one of the arguments for the 
Test-Ban Treaty was that it would 
slow up the development of nudeat 
warheads, underground testing being 
so difficult. That clearly was not 
the case. In fact the Test-Ban Treaty 
was apparently only approved by the 
military in the United States when 
they were assured that it would not 
effectively limit research, develop- 
ment or testing of nuclear warheads. 

I expect no more from SALT than 
from the Test-Ban Treaty because 
the SALT talks are being conducted 
by the same diplomatic methods as 
were used in the earlier negotiations. 
There is the same emphasis on petty 
maneuvering and on minor technical 
questions. There is the same intru- 
sion of other international problems. 
There are the same controlled leaks 
to the press. There is the same al- 
most paranoid cautiousness on both 
sides. There is the same worry about 
internal politics. The entire atmo- 
sphere is more suitable to a 1920 
negotiation on naval limitations or 
Balkan boundaries. For these reas- 
ons, it is highly unlikely that SALT 
will lead to any slowing down of 
the rate of research, development 
and testing in nuclear weaponry. In 
this most important aspect the SALT 
talks have already failed unless the 
atmosphere, negotiation methods and 
real goals are drastically changed. 
This I consider a very remote pos- 
sibility. 

It is also highly unlikely that SALT 



will result in the scrapping of MIRV 
— the cause of the present insta- 
bility in the arms race. As the talks 
go on, the United States is installing 
both land-based and submarine-based 
missiles of the MIRV type. The 
Soviet Union is a few years behind. 
It is inconceivable that the Soviet 
Union should agree to the United 
States alone possessing MlRVs. It 
is almost equally inconceivable that 
the United States will agree to dis- 
mantle its MIRVs. As I have already 
mentioned it has been suggested that 
a halt in the testing of MIRV .ind 
other missile systems could be ne- 
gotiated at SALT. This would leave 
the United States with two partially 
tested systems, Minuteman III and 
Poseidon. It would leave the So- 
viet Union with one or more un- 
tested MIRV missile systems. I do 
not believe the Soviet Union would 
agree to being permanently behind 
the United States in MIRV technolo- 
gy- 

The only agreements likely to 
come out of SALT are those which 
relate to aspects of nuclear weaponry 
about which neither side cares. For 
example, a limitation on ABM con- 
struction is possible because neither 
side knows how to construct an ade- 
quate system. A limitation on the 
number of land-based ICBMs is pos- 
sible because neither side cares to 
spend the money to increase substan- 
tiaily this part of their deterrence 
forces, and small increases are not 
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even symbolically meaningful. 

The third belief associated with 
the third illusion is that narrow 
agreements attained at SALT would 
lead to a better international atmo- 
sphere for broader negotiations on 
nuclear disarmament. But this be- 
lief is also contradicted by the his- 
torical evidence. Seven years elapsed 
between the signing of the 1963 
Test-Ban Treaty and the start of the 
SALT talks. In those seven years 
the number of nuclear weapons and 
nuclear weapon systems increased 
enormously; the very destabilizing 
innovation, MIRV, was brought to 
fruition; and if it had been techni- 
cally feasible, large ABM systems 
would have been built. Thus there 
are no historical reasons for expect- 
ing that narrow agreements reached 
at SALT will be any more effective 
in the production of broader and 
deeper agreements on nuclear weap- 
ons. 

In the introduction I described the 
third illusion as perhaps the most 
dangerous. The danger is most easi- 
ly understood by considering again 
the Test-Ban Treaty. Many mem- 
bers of the American scientific com- 
munity worked for years for that 
treaty. They were enthusiastic and 
optimistic when it was concluded. 
They then relaxed and assumed that 
normal governmental and diplomatic 
processes would lead to more exten- 
sive treaties and to more progress 
toward nuclear disarmament. In- 
stead the reverse occurred — the 
arms race escalated. Even the public 
and political forces, built up during 
the campaign for the treaty, were 
dissipated. In many ways the strug- 
gle for nuclear disarmament was set 
back, not advanced, by the Test-Ban 
Treaty. 

If SALT leads to only a few nar- 
row agreements, the same dangerous 
situation will arise. Political and 
public pressures for nuclear disarma- 
ment have built up again in the last 
five years, partly through the anti- 
ABM campaigns. But mostly they 
were built through alliances with the 
conservation and anti-war groups. 
Therefore much of this pressure is 
not directly concerned witli nuclear 
disarmament and can be easily dissi- 
pated. This dissipation is most prob- 
able if the American scientific com- 
munity holds to the third illusion. 
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Japan and the World of SALT 



"Japan's interest is in the 
durability of a SALT agreement. 
The day such an agreement loses 
its effectiveness can be the day 
NPT world order collapses. 
There is always a chance that 
either accidentally or deliberate- 
ly the world of SALT will be- 
come inoperative and nuclear 
weapons will be used to kill peo- 
ple and to destroy cities." 

Ryukichi Imai is a consultant 
to the Japanese Foreign Minis- 
try on nuclear energy and is as- 
sistant manager of the engineer- 
ing department of the Japan 
Atomic Power Co., Tokyo. 



On the whole, Japanese interest in 
the Strategic Arms Limitation Talks 
is rather vague. Newspapers and in- 
tellectual magazines carry occasional 
articles to report on the status of the 
meetings, but rarely with any in- 
depth analysis of what these negotia- 
tions might mean to the future of 
Japan. Instead of a sense of partici- 
pation, the most one detects is a 
feeling that "it would be quite un- 
becoming if we didn't have an opin- 
ion or two on a subject as important 
as SALT." 

In addition to the feehng that 
SALT is a matter between two super- 
powers, one important reason why 
the Japanese cannot become enthusi- 
astic about it is the fact that Japan is 
an Asian power. SALT, in this sense, 
is primarily a European subject. 
Throughout the past quarter-century, 
the Japanese have never actually ex- 
perienced the clash between the two 
nuclear umbrellas, have never lived 
in the midst of strenuous confronta- 
tion between NATO forces and War- 
saw Pact armies. In spite of Korea 
and Taiwan, a direct threat of im- 
minent nuclear war has not been a 
part of their daily concern. SALT, 
to the Japanese, is a subject, like 
mutually balanced force reduction 
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(MBFR) in Europe, which is im- 
portant but remote. Okinawa repre- 
sents a much bigger issue. 

Geographical separation of the 
Japanese islands from the rest of the 
world, as well as physical, cultural 
and linguistic distance from Euro- 
pean and American centers of power 
politics, have traditionally been the 
cause of such an attitude. Similarly, 
one must recall that Japan, since the 
end of World War II, has been out 
of touch with the realpolitik of the 
nuclear world. As a defeated nation, 
Japan has regarded itself as a sort of 
second-rate citizen, without power 
to influence others in shaping the 
postwar world. 

Meanwhile, the technology and 
politics of nuclear weapons have 
grown to cover a very wide and com- 
plicated spectrum. At one end of this 
spectrum are the sophisticated stra- 
tegic arms. There are hosts of tactical 
nuclear weapons which may be as 
powerful as the bomb dropped on 
Hiroshima but so easy to use that foot 
soldiers may handle them on the 
battlefield. Nuclear-propelled sub- 
marines are not nuclear explosives, 
but there is no doubt that they con- 
stitute an essential part of the stra- 
tegic weapons system. Thus the di- 
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viding line between a submarine en- 
gine and a nuclear power station be- 
comes rather thin. The same prob- 
lem exists on the issue of enriched 
uranium supply capacity in which 
Western Europe and Japan want to 
become at least partly self-sufficient 
and independent of the United States. 
There are also such things as the 
Rover nuclear rocket and Plowshare 
underground nuclear explosion for 
recovery of natural resources. 

At the same time, very rapid and 
bewildering changes in international 
politics are taking place, as exempli- 
fied in the move toward a U.S. -Chi- 
nese detente and the very disturbed 
reaction of the USSR to President 
Nixon's "I will go to China" declara- 
tion. Changes in both areas — poli- 
tics and technology — are intricately 
related, and SALT, in a sense, repre- 
sents the height of sophisticated in- 
terrelationship. 

One has to be a real "pro" to ap- 
preciate all these intricacies and be 
able to comment intelligently. One 
must have a command of all the in- 
side languages and know the past 
history of negotiations. The Japanese 
today are at a very different stage of 
the game. They are in the process of 
modernizing their view of the nu- 
clear world from harrowing memo- 
ries of Hiroshima and Nagasaki to 
one that better suits the realities of 
the 1970s. It would be natural if 
they felt less than qualified to float 
freely in the clouds of expertise 
which surround the subject of SALT. 

SALT and NPT 

It is possible to argue that SALT, 
and not nuclear disarmament or a 
complete test ban, is the natural out- 
growth of the nuclear Non-Prolifera- 
tion Treaty (NPT). 

The world of NPT is divided into 
five categories of nations: two su- 
perpowers, two medium-size nuclear 
weapon states, China, nonnuclear 
weapon states that count, and those 
which do not count. Acceptance of 
NPT is a pledge not to challenge this 
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world order for some time, and has 
somewhat less to do with whether 
countries may or may not eventually 
possess some sort of nuclear explo- 
sives. The latter is a corollary to the 
former. Japan, in this sense, is al- 
ready a full-fledged partner in the 
NPT world system. (Imai, "The 
Non-proliferation Treaty and Ja- 
pan," Bulletin, May 1969.) 

FlexUfle Response 

It is evident that military capabili- 
ties of the two superpowers are so 
far ahead of the rest of the world 
that it is inconceivable for any third 
country seriously to contemplate mili- 
tary conquest of either the United 
States or the Soviet Union. As long 
as the two countries can maintain the 
posture of flexible response, nothing 
is more natural than that they would 
seek agreement mutually to limit 
further deployment of expensive and 
sophisticated strategic weapons. We 
may be thankful that the two coun- 
tries are not so stupid as to escalate 
indefinitely nuclear rivalry, but no 
country would feel obliged to thank 
them for their SALT negotiations. 

After all, they are talking about 
antiballistic missiles (ABMs) and 
multiple independently targetable re- 
entry vehicles (MIRVs) which can 
be meaningfully employed only 
against each other. None of the third 
countries has been able to manufac- 
ture and deploy these sophisticated 
weapons. Unlike, NPT, SALT is a 
very exclusive affair between the 
two and is not the direct concern of 
multilateral negotiations such as the 
Disarmament Conference in Geneva. 
There should be eventual agreement 
of some sort, but it is also evident 
that such an agreement will never 
include surrendering the advantages 
the two possess of large-scale nuclear 
armament vis-a-vis each other or any 
third country. In fact, the United 
States and Russia will do their best 
to retain whatever direct influence 
their nuclear weapons may have in 
addition to their psychological de- 
terrent effects. 

Japan's interest is in the durability 
of a SALT agreement. The day such 
an agreement loses its effectiveness 
can be the day NPT world order col- 
lapses. There is always a chance that 
either accidentally or deliberately the 
world of SALT will become inopera- 
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five and nuclear weapons will be used 
to kill people and to destroy cities. 

Beyond that, there can be two 
major factors to influence SALT's 
durability. One is a possible role for 
China now that she may become a 
formal participant in a nuclear round 
table conference. Even if China can- 
not achieve the U.S. or USSR level 
of a technical sophistication, it is 
conceivable that a tri-polar rather 
than a bi-polar military world could 
develop. China may acquire suffi- 
cient nuclear capability to make her 
another center of nuclear deterrence, 
with political interests which are in- 
dependent of either superpower. 
Unless China is deeply committed to 
the paper tiger theory of nuclear 
weapons — and currently there is no 
indication that she is — she may have 
no choice but to become the third 
pole of a new tri-partite balance, or 
be relegated to the class of medium- 
size powers with limited influence 
in Asia. 

Without an Atulieiice 

The other factor which may possi- 
bly alter the significance of any SALT 

agreement is that the large overkill 
capabilities of the superpowers will 
become ineffective as realistic mili- 
tary strength. The contest for su- 
premacy of first-strike or denial of 
second-strike capabilities is already 
becoming so theoretical that even 
today it is meaningful only among a 
handful of experts. In fact, without 
further sophistication, it is difficult 
to imagine a situation in which either 
U.S. or USSR leadership would de- 
liberately attack with strategic nu- 
clear weapons. It would be equally 
difficult for them to justify use of 
such weapons against a third country 
without risking nuclear world war. 
Within the NPT world order, the 
only nuclear action either country 
could take would be a concerted po- 
lice action to subdue genuine subver- 
sion. Under these circumstances, 
warning of nuclear sanction should 
be sufficient as long as such warn- 
ings are credible. SALT may then 
become not only a negotiation with 
exclusive participants but also one 
without an interested audience. 

Unless we assume that the world 
of SALT will remain unchanged for- 
ever, its last day may come about in 
several different ways. The world 



may achieve another SALT-type 

order among the three military cen- 
ters. This may be the equivalent of 
China joining the NPT. Or the 
world may outgrow SALT and 
achieve a new realm in which stra- 
tegic nuclear weapons can no longer 
be a meaningful restraint to keep 
world order. Its significance will 
vary, depending on whether SALT 
becomes ineffective, in which case 
chaos may again rule the world. In 
that case, economic strength with a 
tacit implication of weapons capabil- 
ities may shape the new world order. 

Apart from a natural hunum in- 
clination to conquer one's neighbor 
and thus maintain one's own security, 
it is economic prosperity the nations 
of the world seek. Prosperity assumes 
commitment to the existing order. 
Recent U.S. attitudes on matters of 
world trade and world monetary 
balance may express her understand- 
able frustration that the huge post- 
war investment in military build-up 
is now producing a diminishing re- 
turn throughout the world, either in 
terms of economic gain or political 
influence. 

In terms of the foregoing analysis, 
the specific provisions of any possible 
SALT agreement will be important, 
yet not of immediate concern to tfje 
average Japanese. 

Okinawa Issue 

Japan's main interest today is her 
future role in the politics and de- 
fense of East Asia. This became a 
very acute issue with respect to Oki- 
nawa. More directly, it began with 
the problem of whether the United 
States would continue to base several 
hundred tactical nuclear weapons in 
the islands after they were returned 
to Japan. The treaty for the return 
of Okinawa refers to this subject 
very indirectly only in its financial 
clause. Secretary of Defense Laird is 
said to have admonished the Japanese 
government to the effect that as long 
as Japan depends on the American 
nuclear umbrella for her national se- 
curity, she should not fuss about 
where U.S. nuclear weapons might 
be stationed. The proper role for 
Japan, as expected under the Nixon 
Doctrine, is to strengthen her con- 
ventional forces, according to the 
same report. 

This posture has produced hosts 
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of arguments in Japan. What do we 
provide defense against, especially in 
view of a U.S. -Chinese detente.'' 
What is the American nuclear um- 
brella to Japan, and will it disappear 
if we refuse further cooperation with 
the United States? What expecta- 
tions can we have for the Japanese- 
American Treaty.-' In this context the 
most serious question is: "Should 
Japan strive to become a nuclear 
power?" The answer to this is "no," 
for the following reasons: 

1. Japan is building up a powerful 
nuclear industry. It is expected that 
by 1985 nearly one-third of her elec- 
trical power will have to be supplied 
through nuclear means, and this 
represents very large-scale industrial 
capacity, second only to the United 
States. But this industry will be de- 
pendent on foreign sources. Particu- 
larly, all uranium must be imported 
from abroad, and all enriched urani- 
ium from the United States, for at 
least another decade — probably 
longer. Major reactor manufacturers 
and fuel fabricators arc unJer U.S. 
license, and a good deal of industrial 
technology will continue to rely on 
America. It is not possible for Japan 
to embark on peacetime nuclear 
weapons activity without invoking 
intervention of major supplyint; 
countries and thus risking the basis 
of her entire nuclear industry. The 
only weapons activity that Japan can 
engage in under the present system 
is a crash program against imminent 
danger, and with the tacit approval 
of major suppliers of nuclear ma- 
terial and nuclear technology. This 
is a situation already provided for 
in Article X of NPT which says that 
parties have the right to withdraw 
from the Treaty when the supreme 
interests of countries have been 
jeopardized. 

2. High population density and 
heavy concentration of industries in 
small islands make Jap.in \cry vuln- 
erable to nuclear attack. If possession 
of any nuclear weapons leads to an 
even higher possibility of Japan be- 
coming subject to retaliatory or pre- 
emptive strategic nuclear attack, it 
has to be avoided by all means. On 
the other hand, the benefit to Japan 
of attacking any of her neighbors 
with strategic nuclear weapons is nil, 
especially in view of possible counter- 
attacks. 



3. The technological gap created 

by 25 years of continual investment 
in weapons R&D by the United States 
and the USSR is very large. It will 
be impossible, no matter how favor- 
able other circumstances may be, to 
build up a complete set of strategic 
nuclear weapons, delivery system, nu- 
clear submarine fleet, military satel- 
lites, and so on. L\xii the entire 
Foruth Five- Year Defense Program 
cannot support a strategic nuclear 
force on the American scale for more 
than four months. Such nuclear 
weapons as Japan's technological and 
industrial level can realistically main- 
tain will not allow her to influence 
the military balance of the world. 
And even if there were means to de- 
velop small or tactical nuclear weap- 
ons of a defensive nature alone, Ja- 
pan has no land border to defend 
with them. It would take consider- 
able worsening of the political cli- 
mate before any country finds it bene- 
fical to launch a military attack on 
Japan and to destroy her industry. 
There should be sufficient lead-time 
before the situation gets to such a 
stage. 




4. If the guiding principle of 
Japanese nuclear policy is to react 
against the external threat of nuclear 
attack from her neighbors, and as the 
only use of nuclear weapons for Ja- 
pan is to proviJc deterrence through 
fear of possible nuclear retaliation, 
then an expanding basis of peaceful 
nuslear industry and technology is a 
sufficient guarantee. Potential in- 
dustrial capability will be enough to 
permit some sort of crash program 
if the need really arises, and Japan 
has sufficient assurance of expanding 
potential with the expected growth 
in a peaceful nuclear program. In 
the world of NPT, this recognition 
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in itself provides sufficient deterrence 
without having to turn the potential 
into expensive reality. 

In this regard, Japan does not lose 
any "nuclear option" by joining 
NPT. If this point is well under- 
stood, then expansion in peaceful nu- 
clear industry, including uranium en- 
richment, fuel reprocessing and plu- 
tonium utilization should not alarm 
either Japan's neighbors or her own 
countrymen. 

This means, at the same time, that 
Japan is in a very good position to 
appreciate the full social implication 
of nuclear technology and to have a 
correct perspective of its peaceful 
and military aspects. 

Safeguards Concern 

One area of strong concern in 

Japan, in relation to NPT, is "safe- 
guards against diversion of nuclear 
material from peaceful uses to mili- 
tary purposes." Article III of the 
Treaty obliges ail nonnuclear weapon 
states party to NPT to accept such 
safeguards through agreement with 
the International Atomic Energy 
Agency in Vienna. 

Technically, safeguards consist of 
(1) design information to be sub- 
mitted regarding all peaceful nuclear 
facilities, (2) records of operation 
and movements of nuclear materials 
to be kept at each such facility, (3) 
reports to be submitted periodically 
about daily records and (4) inspec- 
tions to verify that the first three are 
correct. Such inspections can be con- 
tinual in nature and unannounced, 
and may eventually claim access to 
all and any part of the facility. 

From June 1970 to April 1971 an 
international committee was con- 
vened in Vienna to discuss how safe- 
guards under NPT should be ope- 
rated. Some 50 countries sent repre- 
sentatives to participate in the dis- 
cussion. A good deal of argument 
centered around an effort to find opt- 
imum technology to achieve maxi- 
mum effectiveness with the limited 
financial and personnel resources 
available to the International Atomic 
Energy Agency, and yet without 
infringing upon commercial secrets 
or peaceful nuclear industry. Non- 
nuclear weapon states have been vital- 
ly concerned that the safeguards 
should not create undue inequality 
between their industry and that of 
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the weapon states which are under 

no obligation to accept safeguards. 
There have been a great many deli- 
cate points — technically, politically 
and legally — which various delega- 
tions argued during the committee 
sessions. 

Through the combined efforts of 
the Vienna committee and technical 
experts from various countries, safe- 
guard procedures have been improved 
and made more suitable vis-a-vis the 
actual developments in nuclear indus- 
try. Yet these procedures are still 
largely subservient to the monolithic 
position that aims to decide the fu- 
ture course of this important technol- 
ogy by looking at its military possibil- 
ities only. It is somewhat like an at- 
tempt to prohibit the use of the 
plough because it may be transformed 
into a sword. 

Because of the past history of 
weapons development, there are 
many who can see the problem only 
from this angle. The nucltar-w cap- 
ons States in particular are often pre- 
occupied by the military phase of nu- 
clear technology, although they were 
the first to recognize its historic im- 
portance when they proposed the 
first U.N. -sponsored Geneva Con- 
ference on Peaceful Uses of Nuclear 
Energy in 1955, and started a cam- 
paign of technical assistance on a 
worldwide scale. Unfortunately, 
such signs of initial enlightenment 
became obscured as the world faced 
the nth country problem. Yet this 
aspect of the safeguards issue is per- 
haps more important in the long run 
than the political and technological 
inequality which Article III has im- 
posed on certain countries. 

In considering the social implica- 
tions of nuclear technology, we 
should keep in mind that there are 
two sides to the coin. 

On the one hand are the great 
benefits which are promised for the 
advancement of human welfare. Not 
only does it bestow a virtually un- 
limited source of energy as well as 
industrial and medical applications, 
but its advancement also carries with 
it progress in various associated tech- 
nical fields such as modern materials 
science and electronics. This is why 
Japan has insisted that international 
exchange of technological informa- 
tion in the nuclear field should no 
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longer be restricted for reasons of 

national security. Under the NPT 
system, safeguards provide assurance 
of nonmilitary application of tech- 
nology as far as this is possible, and 
exchange of technical information 
should be governed only by normal 
rules including consideration of its 
commercial value. This is how Japan 
reads Article IV of NPT. 

Environmental Risk 

At the same time, it is now well 
appreciated that any large-scale ad- 
vancement of science and technology 
carries with it a certain risk of ad- 
versely affecting our natural and so- 
cial environment. Problems of sulfur 
oxides, pesticides, automobile ex- 
haust and the supersonic transport 
(SST) are well known issues which 
indicate the complex relationship be- 
tween technology and society. 

In the nuclear industry, possible 
contamination by long half-life fis- 
sion products presents another im- 
portant problem. High level radio- 
active wastes have to be permanently 
secluded either in salt mines or in the 
ocean's depths under very careful 
control. Similarly, it is necessary to 
monitor the effects of increasing 
gaseous radioactivity in the atmos- 
phere. This type of control obvious- 
ly requires close cooperation among 
countries. An international system 

of control and surveillance will be 
increasingly required as the world- 
wide nuclear industry continues to 

develop. 

Safeguards against military diver- 
sion are also a requirement, if we 
are to protect society against adverse 
effects of a nuclear technology that 
had escaped rational control. Any- 
one who has read oi heard about the 
suffering of the bomb victims at 
Hiroshima and Nagasaki would want 
to look at the problem as a matter 
between overgrown technology and 
feeble humans before indulging in 
the sophisticated politics of strategic 
nuclear weapons. Since NPT, more- 
over, there is much less need to worry 
about frontal challenge to the estab- 
lished world order by a nation with 
powerful strategic weapons. Such an 
action would be preceded by signifi- 
cant changes in the international cli- 
mate which should certainly be de- 
tectable without IAEA inspectors. It 
is not a part of the function of IAEA 



safeguards to read political writings 

on the wall. 

The greater concern lies with the 
possibility of a less sophisticated and 

cruder challenge by powers who have 
less stake in the existing order. It 
may come, for example, from a state 
having a very small number of ele- 
mentary atomic bombs. Claims for 
recognition by such powers, even 
with untested bombs, would be equal- 
ly disturbing. There is also the pos- 
sibility of a nuclear threat within a 
nation — from the Mafia or from 
guerrillas, for example — if they de- 
mand political ransom by threat of 
small-scale nuclear attack. Instead of 
playing an unrealistic technical game 
of locating the last gram of pluto- 
nium within reactor cores, interna- 
tional safeguards really should be 
concerned with these types of prob- 
lems. 

Similarly, there is the matter of 
thousands of tactical nuclear weapons 
spread around the world by the su- 
perpowers as a part of their military 
system. Should they ever be mis- 
placed and inadvertently fall into the 
hands of irresponsible persons or or- 
ganizations, danger to the world will 
be very great. Means of international 
assurance to prevent such accidental 
happenings by providing credible 
s\stcins of physical and administra- 
tive control on all types of nuclear 
weapons is at least as important and 
necessary as NPT safeguards. By 
submitting themselves to an inter- 
national control and assurance of this 
nature, nuclear weapon states can 
demonstrate to the world that their 
concern in this area is not just nar> 
row self-interest. 

If SALT is a natural extension of 
NPT, then in the Japanese view, 

recognition of these prinLlpIes of in- 
ternational control and immediate 
action to establish such control is a 
matter of universal and practical im- 
portance. It will be as important as 
a declaration of non-first use of nu- 
clear weapons, and more feasible than 
universal acceptance of a complete 
test ban and its enforcement. Japan, 
it seems to me, will then be more 
than willing to embrace the Non- 
Proliferation Treaty in its entirety 
and to give its blessings to the out- 
come of the Strategic Arms Limita- 
tion Talks. 
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SALT AND INTERNATIONAL 

SECURITY 



Tlii.s report is excerpted from the Statement by the Pugwash 
Continuing Committee, following the 21st Pugwash Conference on 
Science and World Affairs Aug. 26-31, 1971 ta Situua, Rumania. The 
conjcrrnce was attended by 97 scientists from 31 countries and ntM 
observers from five international organizations. 



The past year has seen some posi- 
tive developments • .in encouraging 
statement by tlic USSR and tiie Uni- 
ted States on the further program 
of SALT and the successful elabora- 
tion of a draft treaty banning bio- 
logical weapons (BW). But the 
arms race continues to outpace by 
far tile progress in arms limitation 
and disarmament. 

There is an urgent need for meas- 
ures, partial or general, which will 
be more effective than those taken 
hitherto in slowing down the arms 
race and achieving disarmament. 

The Group's considerations re- 
flected its agenda, with emphasis on 
the limitation and elimination of 
mass destniction weapons. The dis- 
cussants were fully aware, however, 
of the dangers inherent in the con- 
ventional arms race, the existence of 
military blocs not only in Europe 
but also in other parts of the world, 
arms traffic, etc., and considered it 
important that due attention be paid 
to all these problems. 

Matters Related to SALT 

It is hoped that the SALT confer- 
ence will bring some significant re- 
sults before the end of this year. 
Prompt and substantial results in 
this area are a prerequisite for pro- 
gress in other areas of disarmament, 
especially the further expansion in 
the number of adherents to the NPT 
and its effectiveness. Such progress 
will also have beneficial effects on 
other disarmament measures, such as 
on European Security, limitations of 



conxxntional forces and weapons, 
and other measures leading towards 
the final goal of general and com- 
plete disarmament. 

Specifically, the negotiating parties 
at SALT are urged to achieve an 
agreement which would severely lim- 
it the deployment of ABM, prefer- 
ably at the zero level. The zero level 
was considered to be far preferable 
to any other because it avoids any 
questions about qualitative differ- 
ences and hidden growth potentials 
and thus removes the last vestige of 
any stimulus for the further arms 
race not only in anti-ballistic mis- 
siles (ABMs), but to a substantial 
degree in the field of offensive 
weapons also. Any possible advan- 
tages of a severely limited ABM over 
a zero ABM do not seem to out- 
weigh the dangers of a continuing 
arms race. 

The negotiating parties at SALT 
were also urged to achieve a mean- 
ingful limitation on offensive weap- 
ons in order to stop the arms race 
immediately and to make it possible 
to begin the process of substantial 
arms reduction soon after. Such sub- 
si. intial arms reductions may be more 
difficult to negotiate, but they are 
absolutely essential if real world se- 
curity is to be accomplished. It was 
emphasized that, in addition to limit- 
ing and reducing numbers, it will 
also be important to make provision 
for controlling and limiting quali- 
tative features of weapons so that 
the arms race cannot be simply shift- 
ed in this direction. Qualitative fea- 
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tures include size, multiple warheads, 

accuracy, etc. It was suggested that 
one good means for accomplishing 
this last objective would be a severe 
limitation on the rate of missile 
test launches, including confidence 
launchings. 

This process can and must proceed 
on the premise that equal considera- 
tion is given to the security interests 
of each party and that neither seeks 
to obtain unilateral advantages. 

Disarmament negotiations also 
must give attention to limiting or, 
better, avoiding an arms race in new 
areas. In this connection the prob- 
lem of anti-submarine warfare 
(ASW) was discussed, and it was 
pointed out that ASW research and 
development aimed against missile- 
bearing submarines is research and 
development on counterforce tech- 
niques. Such efforts could be taken 
by either party as indicating prepara- 
tion for a preemptive attack by the 
other, and thus can be very destabi- 
lizing and can stimulate further arms 
races in unpredictable directions. An 
ASW limitation would therefore 
greatly facilitate the achievement of 
agreements to reduce substantially 
the numbers of long-range delivery 
vehicles. 

Comprehensive Test Ban 

Preventing further vertical and 

horizontal proliferation of nuclear 
weapons remains extremely impor- 
tant, and the achievement of a com- 
prehensive test ban treaty will make 
a major contribution to that end. 

Bulletin of the Atomic Scientists 17 



Copyrighted material 



Fortunately, progress in the devel- 
opment of the means for detecting 
possible violations has effectively re- 
moved the obstacles which once 
blocked the achievement of such a 
treaty. These means include not only 
seismic methods for detection and 
identification of nudeai explosions 
but also satellites and other unilateral 
means for collecting information. 
The combination of all these tech- 
niques now makes it practically im- 
possible to conduct meaningful nu- 
clear testing without detection. 

In the process of preparation and 
putting into effect of such a treaty, 
it is most important to include at an 
early stage all the nuclear nations; 
it is also important to involve other 
nations, especially those that have 
the capability of becoming nuclear 
powers in the near future. 

In this connection the problem of 
so-called peaceful nuclear explosions 
was also discussed. The conclusions 
reached at the last Pugwash confer- 
ence were reaffirmed: "Excessive 
claims have been made regarding the 
importance of nuclear explosions for 
peaceful purposes. Whatever short 
term economic advantage there may 
be in the use of such explosions is 
likely to be more than offset by the 
risks of nuclear proliferation implicit 
in such explosions." 

Non-Proliferation Treaty 

It was noted with satisfaction 
there has been no nuclear weapon 

proliferation for the two and one- 
half years since the Non-Prolifera- 
tion Treaty was first signed. Even 
so, the great importance of formal 
accession to the Non-Proliferation 
Treaty was affirmed and all nations 
that have not yet done so were urged 
to sign and ratify it at the earliest 
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possible date. 

At the same time, there was an 
awareness that the continuing effec- 
tiveness and durability of the treaty 
demand substantial progress in in- 
hibiting vertical proliferation by real 
progress at SALT, adoption of other 
measures of self-restraint by all the 
nuclear powers, and agreement on 
the comprehensive test ban treaty. 

Chemical and Biological Warfare 

Geneva Protocol. It was noted 

with satisfaction that there are now 
96 parties to the 1925 "Protocol for 
the Prohibition of the Use in War 
of Asphyxiating, Poisonous or Other 
Gases and of Bacteriological Meth- 
ods of Warfare." The United States 
is the last militarily important coun- 
try which IS not a party to it. 

In the United States the Protocol 

was recently resubmitted to the U.S. 
Senate for its consent to ratification. 
It was resubmitted with a letter stat- 
ing the United States' interpretation 
that the Protocol did not apply to 
the use of tear gas and herbicides in 
war. The chairman of the Senate 
committee responsible for the treaty 
replied with a letter asking for re- 
consideration of this interpretation, 
and it appears that such a reconsid- 
eration is now going on. It was 
urged that the United States with- 
draw its interpretation excepting 
tear gases and herbicides and become 
a party to the Protocol. The United 
Kingdom was urged to withdraw its 
interpretation excepting CS tear gas 
from the prohibitions of the Protocol. 

CB Disarmament. A major issue 
in the field of CB disarmament has 
for a long time been whether chemi- 
cal and biological weapons should 
be got rid of together or whether a 
treaty outlawing possession of bio- 
logical weapons only, would be a 
productive first step to the eventual 
elimination of both. During the past 
year the issue was settled in favour 
of action on biological weapons only. 

President Nixon unilaterally re- 
nounced development and production 
of biological weapons and toxins and 
undertook to destroy the U.S. Stocks 
of these weapons. The socialist coun- 
tries, which previously had tabled a 
draft treaty on chemical and biologi- 
cal weapons, tabled a draft on bio- 
logical weapons only. After a rela- 



tively short period of negotiation, a 
re\iscd draft has now been agreed 
and submitted to the CCD by the 
socialist countries and the United 

State. 

The draft treaty would not pro- 
hibit research to improve defenses 

against biological weapons, such as 
the preparation of vaccines for in- 
noculation against germs which 
might be carried by such weapons. 
It was recommended that secrecy be 
eliminated from research of this kind 
as a protection against its being car- 
ried further than the production of 
vaccines, and to minimize the suspi- 
cion that may be provoked by this 
kind of work. 

Chemical Weapons Disarmament. 
There is a grave risk that the achieve- 
ment of a biological weapons treaty 
will lead to a relaxation of efforts 
to achieve a chemical weapons dis- 
armament treaty, and thus leave un- 
touched what is undoubtedly from 
a military point of view the most 
important part of the CB-weapons 
field. The draft biological weapons 
treaty explicitly provides that nego- 
tiation of a chemical weapons treaty 
should be pursued, and the non- 
aligned nations have been trying to 
strengthen this obligation. Progress 
to a chemical weapons treaty is im- 
perative if chemical weapons arc not 
to become a tacitly endorsed item in 
national armories. 

The obstacle to chemical weapons 

disarmament has been disagreement 
whether international verification of 
nonpossession of chemical weapons 
is needed and is possible. 

The suggestions made at the Gene- 
va Disarmament Conference, for a 

verification procedure not unlike that 
provided by IAEA safeguards, were 
noted. Such a procedure would com- 
bine a national chemical safeguards 
system with international audit and 
spot checks. The objective should 
be to achieve an overall system which 
would deter significant violations 
with as little intrusion as possible. 

There were different views in die 

Group on the need for international 
verification rather than reliance on 
national means. There were also dif- 
fering views as to whether verifica- 
tion was the real point of disagree- 
ment. 
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Tactical Arms Limitation 

The reduction of nuclear arms in 

Europe is of very great importance, 
both from the point of view of Eu- 
ropean security and as a substantial 
step in the general efforts for dis- 
armament. To that end, the follow- 
ing was offered : 

A Specific Proposal for Tactical 
Nuclear Arms Limitation in Europe, 

designed to serve as a first 
approximation for further discussion. 

a. No Foreign Nuclear Weapons 
in any European country. Delivery 
systems which are useful only when 
outfitted with nuclear warheads 
should be similarly prohibited. This 
in effect means denuclearization of 
Europe from the Rhine to the Soviet 
Border. 

b. United Kingdom and French 
nuclear weapons should be limited 
to those now deployed, or currently 
in the process of being deployed. No 
distinction between Tactical" and 
"Strategic" deployments or uses 
should be made in this case. 

c. Soviet MRBMs and IRBMs 
which arc located so as to be capable 
of striking Europe shouk! be limited 
to a number etjual to the total num- 
ber of British and French weapons 
deployed on long range missiles. 
Similar arrangements for medium 
range aircraft should also be made. 

d. The Non-Proliferation Treaty 
and the Partial Nuclear Test Ban 
should be continued in force and ex- 
panded to the extent possible. Al! 
possible political means should be 
used to reinforce the treaties so as 
to prevent any further spread of nu- 
clear arms in Europe. 

e. If these radical reductions are 
to be achieved, there must also be a 
substantial and simultaneous reduc- 
tion of conventional armed forces 
and armaments. 

The simultaneous elimination of 
both mihtary blocs — NATO and 
the Warsaw Treaty — or, as a pre- 
liminary step, the dissolution of their 
military organizations, thus putting 
an end to the stationing of troops on 
foreign territory and their maneu- 
vers, the existence of foreign military 
bases, etc. — would be of great im- 
portance for European security and 
disarmament in Europe. 

It should be understood that these 



proposals are not a final blueprint 
but show only the main direction 
which could lead to significant re- 
sults in disarmament in Europe and 
improvement of the political situa- 
tion in that continent. 

It should also be understood that 
many particular items which have 
been ignored or overlooked here will 
become of importance during pos- 
sible actual negotiations. These in- 
clude the disposition of nuclear- 
capable naval forces and other similar 
questions. But it is hoped such fur- 
ther details could be readily solved if 
the negotiations are in the spirit and 
scope of the above proposals. 

It was felt that this radical ap- 
proach may have a better chance of 
working than the traditional piece- 
meal attempts to ensure precise bal- 
ance in every field each time a small 
disarmament proposal is made. Bold 
actions seemed to he the only prac- 
tical way out of the present impasse. 

However, it was felt by some that 
the proposal is not a realistic one. 
The question was also raised as to 
whether entirely new standards and 
approaches, substituting for the con- 
cepts of military balance and deter- 
rence, should be considered. It was 
emphasized by some that these tra- 
ditional concepts have led only to 
an arms race. 

Disarmament Neigodations 

There are important flaws in the 

present method of negotiating dis- 
armament agreements. Some of 
these, and possible corrections for 
them, are discussed in the following 
paragraphs. 

Two nuclear powers, China and 
France, are not now participating in 
any negotiating forum. Without 
them any real major disarmament is 
very difficult and general and com- 
plete disarmament is obviously im- 
possible. 

France should take her scat at the 
Geneva Disarmament Conference and 
contribute to disarmament again as 
she did so positively in the past. 

China should participate in dis- 
armament negotiations. States hav- 
ing formal diplomatic or informal 
political relations with China should 
urge her to do so. 

Those countries which could 
achieve nuclear weapons capability 
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in less than five years have insuffi- 
cient opportunity to discuss the limi- 
tation and reduction of strategic nu- 
clear delivery vehicles with the 
United States and the USSR who are 
talking about these matters alone 
in SALT. Also there is no link be- 
tween the discussions of strategic nu- 
clear delivery \ehiclcs in SALT and 
the discussion of other kinds of 
weapons, both nuclear and conven- 
tional, in other forms. 

In any case, since progress in other 
disarmament negotiations depends on 
progress at SALT, a close link is re- 
quired between SALT and the other 
disarmament negotiations. Some of 
the discussants believed that SALT 
should become a subcommittee of the 
Geneva Disarmament Conference. 
Some others suggested that the Uni- 
ted States and the USSR should make 
periodic reports to the Geneva Con- 
ference on progress made at SALT. 
Still others believed that the present 
system should not be disturbed at 
such a crucial time. 

Some people believe that too much 
power has been exercised by the Uni- 
tel States and the USSR as Co-Chair- 
men of the Geneva Disarmament 
Conference. They argue that a con- 
dition for tlie entry of France, and 
possibly China, into this Conference 
is the abolition of this co-chairman- 
ship. Others feel that this Confer- 
ence has been productive of a num- 
ber of agreements and that the work 
of the Co-Chairmen has really facili- 
tated this progress. They urge that 
an institution that has worked well 
in tlic past should not be abolished 
hastily or prematurely. 

Finally, there was general agree- 
ment that a general disarmament con- 
ference should be convened in which 
all interested states could participate 
and express their points of view. 

Successful progress towards dis- 
armament, considering not only in- 
terim measures but also general and 
complete disarmament, recjuires a 
radical improvement of the interna- 
tional situation, the elimination of 
all hotbeds of war and sources of 
tension, the renunciation by all states 
of the use of force or threats to use 
it to resolve international disputes, 
and the strengthening of interna- 
tional machinery for the resolution 
of conflicts and keeping the peace. 
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Letter from London 

NOTES ON SCIENCE 
POLICY IN BRITAIN 



by AURUM 

What is Lord Rothschild, direc- 
tor of the Central Policy Review Staff 
(GPRS), up to? That's the question 
those of us interested in science poli- 
cy in Britain are asking with increas- 
ing frequency. Is he really the for- 
muktor of new policy, taking over 
the functions of Other established 
personalities? 

Briefly, the government's main 
science advisors are Sir Alan Cottrell, 
official science advisor to the Cabi- 
net; Sir Brian Flowers, chairman of 
the Science Research Council; Sir 
Frederick Dainton, chairman of the 
Council for Scientific Policy; and 
Professor Hermann Bondi, advisor to 
the Ministry of Defense. Flowers and 
Dainton both report to the Secre- 
tary for Education and Science. 

My guess is that Rothschild, Flow- 
ers and Bondi are at the head of the 
league. The Dainton report on Re- 
search Councils (Bulletin, June 1971) 
has been shelved, and Rothschild is 
now conducting an inquiry into the 
same subject. He is busy also in 
formulating a policy on R&D. 

We know as a result of some hard 
questioning in the House of Com- 
mons that in August the GPRS had 
a staff of 21, including 11 secre- 
tarial and other supporting staff, but 
the names of only three of the key 
13 are known. It is strange that the 
names and functions of the others 
have not been revealed. 

The Prime Minister commented, 
rather mysteriously: "As to the mem- 
bers and salaries that they are paid, 
the names of the senior appointments 
were announced as they were made, 



as were the salaries they were to re- 
ceive. Details of the rest of the ap- 
pointments will appear in the stand- 
ard works of reference." 

What is clear is that the GPRS 
reports are not going to be made pub- 
lic. Mr. Heath has explained that 
the GPRS was created specifically as 
part of the Cabinet Office. "As this 
unit [it is known also as the central 
capability unit] is part of the Cabi- 
net Secretariat, it would be quite 
wrong if the advice which it gives to 
Ministers were made public." 

Clearly, this is not in the best in- 
terests of the nation. The top ex- 
perts will be pre-empted by the 
CPRS : those who give advice will 
be bound to remain silent, and those 
who are not involved in this way 
may be disregarded as not knowing 
all the facts. 

This is what Kenneth Mellanby, 
director of the Nature Conservancy's 
Monkswood experimental station, 
has been talking about. Since re- 
search councils have been put under 
the control of the Department of 
Education and Science, he states: 
"There has been a tendency for sci- 
entists to be told they must behave 
like civil servants and must not say 
or do anything which might embar- 
rass their Ministers. This is dan- 
gerous, and could lead to a situation 
where only real experts, not bogus 
ones who so often hit the headlines, 
arc prevented from speaking. ' 

In this context, I recommend "The 
Politics of Technology," a little- 
known report (September 1970) by 
a Stanford l'ni\xTsity workshop on 
Political and Social Issues. The au- 
thors, Frank Von Hippel and Joel 
Primack, were "shocked" by what 
they discovered. "We learned that 
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when advisors express concern about 
dangers inherent in policies pursued 
by the Executive, their reports have 
generally been suppressed, and have 
occasionally been misrepresented to 
the public and sometimes even to the 
President. We furthermore found 
that this suppression and public dis- 
tortion was often coupled with an 
attempt to use the eminence of the 
expert advisors to buttress the case 
for the objectivity and nonpolitical 
nature of the decision." 

By and large, this present Conser- 
vative government seems to be de- 
veloping a more clear-cut approach 
to industrial research than did its 
predecessor, the Wilson government. 
Certainly, Lord Jellicoe, a most in- 
fluential Minister, responsible for 
planning and the civil service, takes 
up a realistic and intelligent attitude. 

He was involved in the decision 
to set up the central policy review 
body, which he believes can make a 
great contribution to improving the 
long-range planning aspects of gov- 
ernment. He is insistent that govern- 
ment should look ahead. 

To provide a new medical school, 
a period of over 15 years of forward 
planning is needed; a motorway re- 
quires 10 years for construction work 
alone; and in education, government 
planners arc now deep into the 1980s. 

Jellicoe has been much involved in 
battle with the Institution of Pro- 
fessional Civil Servants, the union in 
which 77 per cent of the higher- 
grade government employees are 
members. 

William McCall, its energetic sec- 
retary, declares bluntly that the gov- 
ernment's policy on incomes has 
clearly discriminated against the pub- 
lic sector. He is highly critical of the 
extent to which there is contracting 
out of research: "It is less efficient, 
and it is more expensive; and it is 
not a sensible way to reduce the size 
of the Civil Service." 

The Conservatives' election pledge, 
by the way, was to reduce the civil 
service to below 500,000. This has 
been achieved. But everyone recog- 
nizes that it is pretty meaningless; 
merely a politician's carrot for the 
voting hoi polloi. 

* * * 

Interest is growing in this coun- 
try in social indicators although, 
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typically, the British approach is 
ptagoutic. We want hard answers 
to such questions as how to measure 
the effectiveness of existing policies 
in health or in education. 

Earlier this year, the British and 
American Social Science Research 
Councils sponsored a joint get-to- 
gether in Britain. No agreed answer 
could be given to the question of 
how far social indicators could be 
used for public policy purposes. This 
is mainly because there are still di- 
vergent definitions of social indica- 
tors, continuing methodological ar- 
guments as to whether or not the 
component statistical series should 
be aggregated, and whether it is feas- 
ible to expect governments to use 
any indicators which might be pro- 
duced. 

What was agreed by all was that 
we need to devote more r^ources 
to research in the U.K. In the Uni- 
ted States, by contrast, the federal 
government, and bodies such as the 
National Science Foundation and the 
Russell Sage Foundation have avail- 
able about $7 million this year for 
such work. This is double the sum 
which the British SSRC has this same- 
year for the whole of its program in 
research. 

* * * 



The Open University is ready to 

begin its second year, which — as 
distinct from the Oxbridge-patterned 
October to June — runs from Jan- 
uary 1 to December 31. Teaching 
takes place during the 36 weeks from 
January to October; November and 
December are reserved for examina- 
tions and subsequent course regis- 
tration. 

Anyone may apply to be admitted 
as a student, without any previous 
educational qualification. In 1971, 
25,000 students were admitted. The 
numbers have been maintained. 

Courses are provided at four levels. 
The first consists of the foundation 
courses. In the current year, these 
are in arts, maths, science, and social 
sciences. Next year, technology is to 
be added. In educational terms, the 
Open University may contribute 
something shattering to the curricu- 
lum. 

The Dean of the Technology Fac- 
ulty, Geoffrey Holister, is not pri- 
marily an academic. He has spent his 
life in industry. A "bon viveur" who 

makes his own wine "because we 
consume so much of it at home," he 
moved recently from a seventeenth 

century to a fourteenth century house 
because he felt the former was "too 
modern." 



His approach to technology is that 
it cannot be treated as an after- 
thought; it must be seen to be rising 
from the fabric of our way of life. 
As a preliminary, he would like to 
]u\ c this outlook introduced into the 
secondary school curriculum, where 
technology has no place at all. It 
is too often merely an aspect of 
some miscellany called "liberal" or 
"social" studies. It is hoped that a 
conference, planned for December, 
may be a first step to this approach. 

The Open University is funded 
directly by the Department of Edu- 
cation and Science (DES). The oth- 
er universities are "cushioned" by 
the University Grants Committee 
(UGC), an oilJ body which derives 
its existence from a Treasury minute 
of 1919, and which, as everyone is 
aware, exists on sufferance from the 
universities and the government. Ex- 
pansion proposals are submitted to 
the government, which decides on 
numbers and money. The UGC then 
divides it out. 

The main UGC problem is to fore- 
cast demand for a decade ahead. 
Planning now is for those who will 
graduate in 1980. 

Science and technology have been 
expanded rapidly, with provision of 
nearly two science places for every 
one in the humanities, so that there 
is about 57.5 per cent science capacity 
to 12.5 per cent arts. But the univer- 
sity student population is at present 
55 per cent science and 45 per cent 
arts. There is, therefore, room for 
more science students. 

The UGC is seeking to correct the 
imbalance by building six arts places 
to one science place in the next few 
years. At the end of the quinquen- 
nium 1972-77, plans are for a stu- 
dent population of 320,000. Will 
the balance between science and arts 
be right? Unfortunately, no one 
knows. 

* * • 

At a high-level dinner party in 

Leningrad recently, a foreign guest 
told a story: President Nixon had 
been kidnapped, and a message was 
received at the White House demand- 
ing $1 million immediately — or 
else he would be returned! The 
chairman laughed, and said, "Fine. 
But here we tell that story about 
Brezhnev." 
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A SPECIAL REPORT 



ON THE CONTROL OF SCIENCE: FOUR VIEWS 

Who controls technology? Who — or what agencies — determines priorities for technical de- 
velopment? Four highly qualified experts addressed themselves to these questions last April 
12-13 at a Northwestern University d^loqulum on "The Control of Science for Civil Needs." 
Their papers, analyzing questions of socleJ control and direction of the techno-aclentlflc revolu- 
tion, are published herewith. 



I. TECHNICAL POWER AND PEOPLE 



The Impact of Technology 



on the Structure of Government 



"Now, all of a sudden, people have awakened to the fact that science 

and tachnolopy are just the latest expression of power and that those 
who control them have become the new bosses, exactly as the feudal 
landlords who owned the land, or the capitalist pioneers who owned 
the factories, became the bosses of earlier generations. Ordinary peo- 
ple will not now be satisfied until they have got their hands on this 
power and have turned it to meet their needs." The Right Honorable 
Anthony Wedgwood Benn, M.F., is a former Minister of Technology 
and Minister of Power, United Kingdom. 

ANTHONY WEDGWOOD BENN 



The structure of government with- 
in the nation state, as now organized, 

is unlikely to survive in its present 
form. It evolved in response to cir- 
cumstances very different from those 
that now exist and, as is evident, it 
is proving itself incapable of coping 
adequately with the amount of pow- 
er that mankind now has at its dis- 
posal. It is both too small to exercise 
really effective human control over 
the destiny of its own citizens in a 
tiny and dangerous world; and it is 
too big and too clumsy an instrument 
to deal with the rapidly changing and 
diverse needs and values of people 
in the communities where they live 
and work. 



This is the inescapable conclusion 
to which one is driven by even the 

most superficial examination of the 
impact of the technological revolu- 
tion through which we are passing. 

This process of political obsoles- 
cence has been going on for a long 
time ; and it began to accelerate with 
the development of weapons systems 
that extended the range of warfare 
beyond the heavy artillery and rela- 
tively light and slow aircraft which 
were in use up until World War II. 
With the advent of nuclear weapons 
and intercontinental missiles, the na- 
tion state was forced to surrender its 
basic claim, on the allegiance of its 
people — namely, that it served as 
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a necessary and effective instrument 
for defending its citizens against as- 
saults from the outside. Modern 
weapons led to the move towards the, 
bloc system of defense which rep- 
resents, even for the senior partners 
in each bloc, a permanent erosion 
of their national independence and 
sovereignty. And it was recognized 
at about the same time that the ulti- 
mate logic of modern weaponry re- 
quired the establishment of some 
world organization like the United 
Nations, with the ifflplication that 
one day it would develop into an 
embryonic world government, how- 
ever long it took to reach that state. 
Meanwhile the paralysis of the super- 
powers when they try to use their 
military arsenals is only too apparent. 

But it is not only the emergence 
of external forces that have brought 
into question the credentials of the 
nation state. Technology has had an 
equally dramatic impact on the lives 
of the citizens, in both less developed 
and highly developed societies. Their 
experience of modern life, amplified 
by the mass media, rendered more 
intelligible by improved education 
and made progressively more vulner- 
able and fragile by the interdepen- 
dence that is inseparable from eco- 
nomic development, has led to de- 
mands being pressed from below 
which the modern state with a cen- 
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tralized power structure may be in- 
capable of meeting quickly enough 
to avert intolerable strain, and pos- 
sibly violent upheaval. Thus the sec- 
ond claim of the nation state that it 
can effectively protect a society 
against the risk of internal disorder 
or disintegration is also in doubt. 
Looking a round the world the 
stresses in many countries can be 
seen to be dangerously above the 
safety level. 

Nor is it only in terms of military 
or civil insecurity that the nation 
state has found itself on the defen- 
sive. Industrial development — es- 
pecially by the multi-national corpo- 
rations — far exceeds the scale of 
operation of industry a generation 
ago, and the power of these new com- 
panies, not to mention their rate of 
growth, now exceeds that of many na- 
tion states. Governments of even 
quite advanced societies can no long- 
er, therefore, claim to be wholly ef- 
fective in safeguarding the interests 
of their citizens against possibly 
harmful decisions taken by these 
firms. 

Moreover instantaneous world- 
wide communications available on 
more and more television channels 
means that the nation state can no 
longer guarantee to erect on its fron- 
tiers effective censorship that filters 
out unacceptable foreign ideas and 
preserves the sort of broad identity 
of views, culture and outlook that 
could be said to represent its way 
of life as embodied in the consensus 
on which its society worked. 

The death-throes of the self-con- 
tained nation state may last for a 
very long time, but the process of 
transformation in the constitutional 
structure of society is as inevitable for 
the nation state as it is for any firm 
which finds technological change de- 
stroying its old management struc- 
ture and requiring it to adapt itself 
accordingly. 

The emergence of international 
managements controlling military 
and industrial power has now virtual- 
ly ousted the shareholder or stock- 
holder as a center of power and has 
simultaneously stimulated greater de- 
mand for popular power. 

In this process the role of science 
in society has come to occupy a cen- 
tral ground of argument between the 
new bureaucracies that see it as an 



agent for promoting their own aims 
and purposes, and people who in- 
creasingly see science both as a 
threat to their survival and, if prop- 
erly used, as one of the key instru- 
ments for solving the problems that 
press on them most directly. Thus 
science has been drawn out of the 
academic atmosphere from which it 
drew its inspiration and original 
funding, and into the vortex of po- 
litical controversy. 

Science as an instrument for polit- 
ical domination has given birth to 
the military-industrial complex which 
is immensely powerful in both the 
communist and noncommunist 
worlds. Enormous sums of money 
are made available from general taxa- 
tion to develop new weapons sys- 
tems which it is claimed will preserve 



a favorable power balance for those 
nations that are ready to pay the bill 
and spare the necessary qualified 
manpower. 

But meanwhile, from below, 
more and more voices are being 
raised to divert these same resources 
to meet the needs of development 
and to improve living conditions. It 
is not just modern war with its in- 
evitable killing that is becoming un- 
acceptable, but the growing convic- 
tion that war-making absorbs money 
and skill on such a scale that, were 
it to be turned to constructive pur- 
poses, the causes of many conflicts 
that lead to war might be eliminated. 

The same tug of war is evident in 
civil industrial developments. The 
bureaucracies which govern large 
firms (sometimes supported by gov- 
ernments) are forever seeking to 
maximize their return on capital in- 
vested by using science to make more 
sophisticated products and by em- 
ploying complex techniques of per- 
suasion to create a demand for them; 



at the same time, the public is be- 
ginning to question the whole proc- 
ess. First, they are concerned with the 
side effects that may follow from the 
unchecked economic growth that has 
up to now been regarded as an un- 
mixed blessing. Second, they are 
beginning to wonder whether there 
are not other needs to be met than 
those which express themselves 
through market forces. The conflict 
between private and public transport 
in major cities is one example, and 
the whole structure of educational 
provision with its tremendous con- 
centration on graduate and post- 
graduate work is another. 

National governments are caught 
between these two formidable forces 
which are pulling in opposite direc- 
tions. They know — because it is 
their business to know — that large 
and efficient managements will be 
required if the delicate balance in any 
world system is to be maintained. To 
this extent they are necessarily in 
close and continuing contact with the 
big organizations concerned. 

At the same time, especially in so- 
cieties where the vote has been 
granted, national politicians are pain- 
fully aware of the pressures coming 
from their electorates conveying, 
however, imperfectly, the problems 
and aspirations of ordinary citizens. 

National governments are thus the 
fuse box connecting two conflicting 
realities. A great deal of current 
passes through that fuse box, and 
the heat is intense. If it blows, there 
could be a total blackout and a total 
breakdown. President Truman once 
said: "If you don't like the heat, get 
out of the kitchen." But somebody 
has to stay in the kitchen at least un- 
til we can find a cooler way to cook. 

Until recent years the centralized 
bureaucracies seemed to be having it 
all their own way. They generated 
technology, and controlled the use 
to which technology was put. The 
public was so astonished by the new 
scientific miracles and felt so hum- 
ble in the presence of the experts in 
science and technology who master- 
minded these achievements that they 
hardly questioned the purposes to 
which this power was being put. 
Henry Ford was seen as a man who 
had put technology at the service of 
man. Military scientists were seen as 
key figures through whom security 
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could be achieved and our enemies 
vanquished. Technical decisions were 
uncritically aLcepinl .i^ lyinr; oiitsiile 
the capabihties of ordinary people to 
question and they stood back while 
the experts decided. Thus it was 
that President Kennedy's historic de- 
cision to put an American on the 
Moon by 1970, or the Anglo-French 
Treaty to build the supersonic air- 
liner, were accepted without public 
debate. Both these ventures were 
seen as glorious examples of man's 
freedom deriving from his new-found 
power to control nature. 

But once freedom — in this case 
scientific freedom — had been won, 
people started to question how that 
freedom should be used. It may take 
a highly skilled chemist to develop 
a contraceptive pill or a brilliant en- 
gineer to develop a new system of 
communication. But the use to which 
either is put involves the application 
of a scale of values which it is en- 
tirely within the capability of every- 
body and anybody to apply for him- 
self. The problems of the control of 
technology in a scientifically permis- 
sive society can therefore be seen to 
be no more complex than any other 
value judgment which democratic so- 
cieties now accept and that electors 
and voters are qualified to take. 

Indeed, there is now growing evi- 
dence that more and more people are 
quite independently coming to the 
same conclusion and this is express- 
ing itself in more forceful demands 
from below. These demands are not 
new ones, but what is significant 
about them is that for the first time 
the technology capable of satisfying 
them now exists. 

Take first the demand for suffi- 
ciency from those who are still ex- 
periencing poverty — both the poor 
in developed societies and the even 
greater number of poor in societies 
that have not developed. These peo- 
ple are different from their forefa- 
thers in that they know that other 
people have escaped from poverty 
and that the technology that made 
escape possible is available to them. 
It is one thing to be poor when there 
is no choice, but it is another to ac- 
cept what may appear to be an un- 
necessary poverty. This is the cause 
of the revolution of rising expecta- 
tions in both developing and devel- 
oped societies. As living standards 



rise expectations seem to keep well 
ahead of them and produce the curi- 
ous phenomenon of levels of per- 
sonal dissatisfaction rising in paral- 
lel with affluence. 

The demand for greater equality 
is also gathering force, similarly fan- 
ned by the mass media. This is not 
merely a tiemand for greater eco- 
nomic equality, but also for racial 
and sexual equality which sees in dis- 
crimination an entrenchment of un- 
acceptable privilege and a perpetua- 
tion of a more fundamental oppres- 
sion. The use of resources including 
scientific resources to secure greater 
equality is highly relevant, especially 
in the educational field. 

The worldwide demand for edu- 
cational reform touches directly on 
the control of science. More and 
more people are becoming skeptical 
of the established objective of ed- 
ucation to educate elites, including 
scientific elites. Even if looked at 
from a purely practical point of view 
it would appear that the main bar- 
riers to human advance lie more in 
our failure to apply well-established 
tcchnicjues than in our tardiness in 
evolving new ones. For example, 
millions more lives could be saved 
by raising the general level of sim- 
ple health services than by pouring 
millions of pounds or dollars into 
perfecting heart transplants or other 
sophisticated surgical operations. 
There is even a curious convergence 
of view between a community which 
doesn't quite know how to employ 
the many PhDs emerging from grad- 
uate schools, heavy with honors but 
short of experience, and the students 
who everywhere are discontented be- 
cause their studies are so academic 
and appear to lack "relevance." This 
feeling is shared on both sides of the 
Iron Curtain and there are more sim- 
ilarities between modern thinking on 
this in Giina and the United States 
than there are between the old 
school academic establishments in 
both these countries and the commu- 
nities they are supposed to serve. Ed- 
ucational bureaucracies are already 
finding themselves on the firing line 
along with the military industrial 
complex as this pressure begins to 
build up. 

The demand for greater popular 
power — or participation as it now 
tends to be called — follows from 
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the demands described above. Where 
the franchise has not yet been won, 

it is being demanded; and where it 
has been achieved, there is a mount- 
ing pressure for further democratiza- 
tion of decisionmaking. 

This pressure is not really new at 
all. It is as old as political philoso- 
phy itself, but what is new is that it 
is being extended far beyond the sim- 
ple demands of the Founding Fathers 
of the American Republic or the 
French Revolution, or the modest ad- 
vocates of universal adult suffrage. 
More and more people are coming 
to suspect that democracy has slipped 
through their fingers while they 
were busy watching science proving 
its api^arently limitless capability. 

The New Bosses 

Now, all of a sudden, people have 
awakened to the fact that science and 
technology are just the latest expres- 
sion of power and that those who 
control them have become the new 
bosses, exactly as the feudal land- 
lords who owned the land, or the 
capitalist pioneers who owned the 
factories, became the bosses of earlier 
generations. Ordinary people will 
not now be satisfied until they have 
got their hands on this power and 
have turned it to meet their needs. 

This may sound like a very revo- 
lutionary doctrine, and so indeed it 
is. But once we understand what is 
happening, it is no more frightening 
than the demand for power that 
emerged in the past as a popular 
clamor for political democracy. 

What we lack are the institutions 
capable of realizing that demand in 
today's world, and making it effec- 
tive. It must necessarily lead to the 
strengthening of international and 
supranational institutions big enough 
to encompass the totality of man's 
needs as he gradually learns that 
brotherhood has moved from a moral 
aspiration to an essential prerequisite 
of survival. 'We are mainly short on 
imagination bold enough to extend 
our sense of responsibility to em- 
brace the area of our common inter- 
est. This imaginative leap is diffi- 
cult for the old and the middle aged, 
but it comes quite naturally to the 
young. Their view of the Spaceship 
Earth with its people living closely 
together will in time replace the dis- 
tortions of Mercator's flat projection 

Bulletin of the Atomic Scientiats 26 



Copyrighted material 



showing every country highly colored 
withia its political frontiers — just 
as Galileo's view of the universe re- 
placed the flat concept of the Ptole- 
maic astronomers. 

Popular Pressures 

Nationally, the demand will ex- 
press itself in more subtle ways. The 

pressure for open government which 
reveals the choices before they are 
made will intensify. Decisions af- 
fecting the use of science and technol- 
ogy, whether by governments, cor- 
porations or universities, will become 
increasingly the subject of critical 
scrutiny, as has been shown most 
vividly by the recent economic and 
environmental debates and decisions 
on the development of the supersonic 
transport. People may still argue as 
to whether the decision was right or 
wrong, but no one can doubt that it 
was taken openly and that the deci- 
sive pressure came from below in 
sufficient strength to overturn the 
wishes of an Administration and the 
aerospace industry, both of which 
wanted to go ahead. 

Similarly, the environmental pres- 
sures that have built up over recent 
years can be seen as having a politi- 
cal significance greater even than the 
actual cause which the environmental- 
ists espoused. They can be seen as a 
direct political demand under the 
classification of technology assess- 
ment aimed at securing a proper con- 
sideration of the consequences of all 
decisions before they are reached, so 
that the side effects can be taken 
into account at the time of the basic 
decision. This is a move to better and 
more democratic decisionmaking, and 
if it can be made a permanent feature 
of political life, it will be far more 
important even than the improve- 
ment of the envronment. It may, 
in fact, serve to check the wildest en- 
vironmentalists who are now press- 
ing for unrealistic policies which 
could have unexpected industrial and 
human side effects. 

But the pressure for democratiza- 
tion wil not stop there. It is bound 
to extend to the democratization of 
industrial power, through workers' 
control, educational power and the 
power of the mass media which, by 
their control of information output, 
can play a decisive part in shaping 
society. 
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We are presently so conscious of 
the centralizing forces that derive 
from technological change and of 
the huge new and powerful bureau- 
cracies that they have created that 
many people tend to be despondent, 
to believe that ordinary human in- 
fluences are quite powerless and the 
cause of democracy is irretrievably 
lost as man surrenders to the new 
power centers. The emergence of 
countervailing power from the grass 
roots is less easy to recognize. It is 
dispersed so widely, its exercise is so 
uncertain, and the time scale of its 
successes is so long that many peo- 
ple do not believe it really exists. At 
the moment it may be only a poten- 
tial power, but its potentiality is far 
greater than most people realize. We 
have not yet learned to organize our- 
selves to use the power that has 
fallen into our hands because we are 
not fully aware of it and because it 
requires us to think about our system 
of government in quite a different 
way. 

The study of civics or political in- 
stitutions as most of us learned about 
them at school, or through the mass 
media, always focuses upon the for- 
mal structure of the nation state. We 
are told how accountability has been 
secured by freedom of speech and the 
vote. But even this interpretation 
stresses what our leaders do and say. 
Policy and changes of policy are 
presented to us as coming from the 
top. 

Change from Below 

But is that really how our political 
system works? I greatly doubt it. 
There is an interpretation of political 
change under which one can argue 
that it is change from below that has 
been and is really significant and can, 
over a period, be decisive. Certainly, 
the demand for the vote was a de- 
mand that came from the grass roots 
and was reluctantly conceded by the 
political leaders of the time. The de- 
mand for human rights or racial 
equality has never been particularly 
acceptable to those in authority in 
societies which denied these rights. 
The groundswell demand for free 
trade unions or socialized education 
or socialized medicine in a welfare 
state was not thought up in the cor- 
ridors of power. They bubbled up 
in the community, lapping around 



the foundations of the establishment 
until they acquired sufficient momen- 
tum to swamp the opposition in Con- 
gress or Parliament. By this means, 
too, the environmentalists captured 
the White House and Number 10 
Downing Street, making it clear that 
they would no longer tolerate the 
barbarities of technology. The new 
movement for women's rights has al- 
so gathered force outside the system 
and is already making progress with- 
in it against the entrenchment of male 
privilege. 

It is arguable from this that the 
historic function of the politician is 
to capitulate, and that the good poli- 
tician capitulates only to forces that 
he has helped to create by education 
and argument and by his encourage- 
ment of those who are trying to ex- 
tend the area of human responsibility. 

Indeed, the task of statesmanship 
today requires leaders to be more 
than bureaucratic administrators of 
vast governmental machines. For 
anyone who looks around him and, 
even more, anyone who looks ahead 
should see one fact staring him in 
the face. The amount of power that 
the technological revolution has cre- 
ated far exceeds the capability of 
even the most inspired, dedicated or 
brilliant leaders to control unaided. 

In June 1940, when the seemingly 
unconquerable German Army stood 
poised on the French Coast ready to 
attack Britain, Winston Churchill 
pledged himself to carry on the 
struggle "until, in God's good time, 
the new world with all its power 
and might steps forth to the rescue 
and liberation of the old." That is 
exactly the position confronting the 
statesman of today as he observes the 
massive and menacing power of tech- 
nology which encompasses us. He 
must carry on the struggle until, in 
God's good time, the people with all 
their power and might step forth to 
the rescue and liberation of man- 
kind. 

Only a massive dispersal of power 

conveying responsibility beyond and 
within the nation state to those upon 
whose wise exercise of it our survival 
depends can possibly redress the bal- 
ance in favor of the people in their 
battle to gain control of the machine. 
To pretend otherwise would be an 
illusion — an illusion we can ill af- 
ford to nourish. 
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II. Technology and Society - 
The Real Issues 

"We who have been part of the technological revolation . . . know, 

of course, that in truth no one has been in charge of technology. Cer- 
tainly no federal policy on technology has ever been written down. 
Instead, tashnological change has occurred at random, depending only 
on the appearance of a technological entrepreneur and a bit of luck. 
On balance, the results have been far from all bad. But the bad 
parts are now becoming unbearable, and it is the responsibility of 
those who would be leaders to understand the concerns of those whom 
we would bid follow." Myron Tribus is senior vice president of re- 
search and engineering for Xerox Corporation. 
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The attacks on technology on the 
one side and the spirited defenses of 

technology on the other may serve 
to divert our attention from what 
seems to me to be the real issue — 
namely, how are we to assure our- 
selves that technological forces are 
harnessed for the common good and 
that mere technological change is not 
pawned off on us as "technological 
progress" ? 

Those who attempt to argue 
against technological advance be- 
cause they wish to improve mankind's 
lot are in a self-contradictory posi- 
tion, arguing against their own ob- 
jectives. Improved technology is 
what it takes to rescue the environ- 
ment, conserve our resources, rebuild 
our cities and provide better health 
for our people. 

I can imagine no more dramatic 
example of what a difference tech- 
nology makes than the devastation 
in Pakistan in which approximately 
300,000 lives were lost when a hurri- 
cane struck an island there. These 
people had no modern communica- 
tions, no transport, no steel and con- 
crete buildings, no earth-moving 
technology. The few who survived 



had to rely on air-lifted provisions 
from the technologically advanced 
countries. When the next power 
failure occurs, let those who inveigh 
against technology ponder what their 
lives would be like if the power were 
never to resume. 

But those who argue for techno- 
logical progress as an end in itself 
reckon without sufficient concern for 
what constitutes "progress" and with 
insufficient attention to the under- 
lying grievances of those whose lives 
are affected, and who feel threatened, 
by the continuing advances of tech- 
nology. The sad historical fact is that 
those who have had a major voice in 
determining how technology is to be 
used in our society have not always 
been sensitive to the needs of those 
whose lives were surely going to be 
affected. The examples are legion. 
We have only to look at the loss of 
San Francisco's Ferry Building to an 
ill-conceived freeway or hear the 
deafening clatter of our transporta- 
tion systems to realize that whoever 
was responsible did not have much 
concern for the amenities of life. 
The headings for stories in just one 
issue of the "New York Times" tell 
us why there is a general concern for 
what technological change will do 
next: "Lyons, Kansas, To Sit 
Atop the AEC's Radioactive Waste 
Dump," "Senator Decries Computer's 
Potential Role as Big Brother," 
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"Former Federal Automotive Safety 
Chief Says U.S. Cars' Fragility Picks 
Consumer's Pockets." 

The issue is not whether there is 
to be more or less technology; the 
burgeoning birth rate, urbanization 
and total dependence on energy grids 
for survival have settled that ques- 
tion. The issue is over who is to be 
in control. What is now needed is 
a new social invention, one which 
parallels an earlier social invention 
which aimed at securing "the con- 
sent of the governed." We need now 
to learn proper ways to secure the 
consent of those affected. As with 
obtaining the cnnsent of the gov- 
erned, the success of a method to 
secure the consent of those affected 
by technology will certainly depend 
on education. 

Ever-Increasing Role 

Until quite recently, the develop- 
ment of a new technology depended 
mainly upon market forces, that is, 
upon the private sector. But World 
War II introduced important chang- 
es, and for the last 25 years we have 
seen the federal government play an 
ever-increasing role. There has been 
federal support of aviation, electron- 
ics and materials by the Department 
of Defense, extensive funding of 
atomic energy by the AEG, subsidized 
shipbuilding by the Maritime Com- 
mission, and now plans to subsidize 
rail transportation by the Department 
of Transportation, to name but a few. 

The philosophies of Congress and 
the Executive branches have been to 
avoid having the federal government 
itself introduce technologies. Rather, 
it has consistently been the federal 
intent to encourage the private sec- 
tor. This aspect is often overlooked 
by those who presume to speak for 
the private sector in opposition to 
federal programs aimed at advanc- 
ing civil technologies. For many 
years there have been unmet needs 
for better technologies in such areas 
as fire fighting, housing construc- 
tion, machine tools and textiles, yet 
all attempts at improvement have 
met heavy opposition from various 
lobbies. On the other hand, increas- 
ingly over the last 25 years, we have 
seen an ill-defined but extremely ef- 
fective partnership between the fed- 
eral government and private indus- 
try in selected areas of technology 
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which has brought forth the most 
cematkable series of advances the 
world has ever seen in computers, 
aircraft, materials and instrumenta- 
tion. 

The system was extremely simple. 
The federal government spent about 
$13 billion in R&D, creating a cli- 
mate which attracted some of our 
brightest minds into science or en- 
gineering. A generous flow of dol- 
lars to colleges and universities as- 
sured student support. Federal funds 
for development contracts in indus- 
try took the risk out of many ven- 
tures and created an overall climate 
that was right for "spin-off." It 
really did not matter whether the 
"spin-offs" were direct or not — 
advances in radar had to mean ad- 
vances in television. It was not that 
the designs were taken out of de- 
fense and into corporations such as 
RCA. Rather it was that contracts 
to extend the state of the art in tele- 
communications provided new ideas, 
new concepts and new materials 
which could be adapted to new pur- 
poses by alert industries. 

Who Js in Charge? 

But this collaboration seems now 
to be coining to an end for several 
reasons, all traceable to a common 
concern over who is in charge of 
technology. We who have been part 
of the technological revolution of 
the last 25 years know, of course, 
that in truth no one has been in 
charge of technology. Certainly no 
federal policy on technology has 
ever been written down. Instead, 
technological change has occurred at 
random, depending only on the ap- 
pearance of a technological entre- 
preneur and a bit of luck. On bal- 
ance, the results have been far from 
all bad. But the bad parts are now 
becoming unbearable, and it is the 
responsibility of those who would 
be leaders to understand the con- 
cerns of those whom we would bid 
follow. 

It does not really matter that many 
who oppose technology do so blindly 
and irrationally. Students purchase 
a $3,000 automobile, destroy it. .md 
bury it to show their displeasure at 
the motor car. What good does it 
do to remind them that they went 
to and from the "burial" in their 
own autos, polluting all the way? 



What are we to say to the commit- 
tee which meets in an air-conditioned 
hotel to demand that the electric 
utilities stop building new power 
plants? If they would meet in tents 
by candlelight, they would at least 
be credible. 

Living with the political and so- 
cial realities makes it easy to recall 
why Socrates eschewed political con- 
nections because they compromised 
his ability to speak the truth. It 
makes it easier to understand why 
it was that the Clean Air Act for 
1970 was passed by the Senate, 79-0, 
even though it clearly stated that 
standards would be set without re- 
gard for whether it was technolo- 
gically feasible to meet them. And 
that same Senate shelved a proposed 
penalty tax on leaded gasoline even 
thou^yh the evidence is clear that 
leaded gas of equivalent octant rat- 
ing is cheaper to manufacture than 
unleaded gas. This means that lead- 
ed fuel can be sold more cheaply 
than unleaded for the same auto- 
motive performance and, therefore, 
nonpolluters pay more. 

Finally, those of us who would 
urge a more balanced view of tech- 
nology in our society are scarcely 
helped by the hucksters among us 
whose shrill cries in favor of com- 
plete freedom are a constant source 
of embarrassment. Tod.iy. of course, 
we are beginning — just beginning 
— to see a more responsible line 
from private industry. But ill-begot- 
ten images die hard and today's auto- 
mobile manufacturers must yet live 
down their earlier reputations for 
cavalier responses to question of safe- 
ty and pollution. Now our soap- 
makers must regain credibility with 
the housewife over enzymes and 
phosphates. 

SST Program 

What we are witnessing is a crisis 

in Lonfitlence — a loss of trust in 
those who control the advance of 
technology. And until we recognize 
that this is the real issue, we shall 
not really solve any of the problems 
we face. All our logic will be lost 
on those who do not trust us. 

Consider the case of the SST. The 
supersonic transport program was be- 
gun in 1962 when the Department 
of Transportation gave contracts to 
General Electric and Boeing Aircraft 



for the development of a commercial- 
ly viable supersonic airplane. It was 
known from the outset that there 
might be difficulties from noise, the 
supersonic boom and pollution. But 
those who managed the project in 
Washington tried to keep these mat- 
ters as quiet as possible, hoping that 
they would be solved before the air- 
plane flew. But by 1967, it was ob- 
vious that the boom problem would 
not go away and the noise problem 
was not yet solved. The designers 
did not think the public would really 
care. They thought that the people 
would or should accept these nui- 
sances. When William Magruder 
took charge of the SST program in 
1969, he did what he could to rec- 
tify this lack of socially responsible 
leadership, but he was too late. What 
liiJ him and his program in was not 
the technical merits of the case. 1 
believe that the pollution issue was 
not real, that the effect of the boom 
over unpopulated areas was grossly 
exaggerated, and that the noise prob- 
lem at take-off could have been over- 
come at some added cost in fuel 
economy. The question before the 
Senate was whether to build two pro- 
totypes, and the answer, in the last 
analysis, turned on whether the op- 
ponents of the SST believed that 
Magruder and his colleagues would 
be willing to stop the program if it 
turned out the prototypes did not 
meet the noi.se and pollution limita- 
tions laid upon it. Charles Lind- 
bergh testified by letter that he op- 
posed the program because he had 
concluded that history showed that 
technologies hke the SST, once let 
loose on the world, had a life of 
their own and would crowd out Na- 
ture and Man. 

All the other issues raised were 
not the main issue. The questions 
about ecology and noise could have 
been answered — without debate — 
by measurement. But because the 
leaders of the SST were burdened 
with the sins of all past technologists, 
they could not bridge a credibility 
gap and they failed to win support. 
The sad fact is that Congress and 
many of the people did not trust 
them to be responsible to society. 

An inconsistency between a man's 
actions and his stated objectives is 
usually a dead giveaway that his real 
motives are not the ones he said 
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they were. After the supersonic 
transport funding had been denied 
by the Senate, it was most interesting 
to hear a number of Senators who 
had fought the program on ecologi- 
cal grounds speaking on television 
and stating that they hoped that pri- 
vate funding would be found to con- 
tinue the project. Listening to the 
debate and discussion prior to the 
project, it appeared that these op- 
ponents wished to defeat the SST 
program because they feared its eco- 
logical consequences. That this is 
not a genuine fear is revealed by 
their encouragement of the private 
sector to continue its development. 

Beyond this, however, there is the 
issue of finding out the truth about 
supersonic aircraft and ecology. It 
is my opinion that both sides lost. 
The United States, having backed out 
of the SST race, has no opportunity 
to influence the design of foreign 
aircraft and, in particular, no influ- 
ence over their possible ecological 
hazard. Although the ecological haz- 
ard has, in my opinion, been grossly 
overrated, as long as there is any 
doubt, it is important to pursue the 
requested research studies to settle 
the issue. Yet I have heard no dis- 
cussion whatsoever from Congress 
regarding the funding of these stu- 
dies, and it is probable that now 
Congress will turn its attention else- 
where and the bureaucracy will as- 
sign a very low priority to these 
studies. Europeans plan to operate 
SSTs to our shores. The question of 
whether or not a fleet of SSTs could 
cause damage to our environment 
was and remains a legitimate ques- 
tion. I believe that the answer will 
be found to be negative; but I also 
believe that we ought not to let the 
matter stand at that point. We 
should press on and assure ourselves, 
before any damage can occur, that 
the impact of these aircraft will not 
be harmful. Such research takes time, 
costs money and requires the alloca- 
tion of resources. 

The example of the SST was one 
in which the federal government 
played the central role as technologi- 
cal entrepreneur. Distrust of the de- 
cisionmakers in technology is most 
easily focused when it is clear who 
they are, as it was in the case of the 
federal SST program. A case in 
which the leadership is more diffuse 



and, therefore, one in which the op- 
position has trouble becoming fo- 
cused is that of oil spillage in the 
oceans and on the shores. The Santa 
Barbara channel has rich oil deposits 
under the waters. There are numer- 
ous oil wells already there, and if 
these were to be abandoned, there 
would still remain the chance that, 
due to an earthquake, one or more 
of them would rupture and leak. 
The oil derricks off shore are an eye- 
sore and offensive to the aesthetic 
sensibilities of those who live along 
the Santa Barbara coastline. The ra- 
tional way to deal with the problem 
would be to design totally sub- 
merged platforms equipped with 
suitable safety systems to capture im- 
mediately any leakages. If such sys- 
tems proved to be uneconomic at 
this time, the wells would have to 
be abandoned with standby provi- 
sions for responding to emergencies. 
Since the land is owned by the fed- 
eral government, which takes con- 
siderable revenue from the leases, it 
would make sense for the federal 
government to enter into an R&D 
program with the oil companies to 
develop the needed systems. Such 
a program is unlikely to attract sup- 
port today because the Santa Barbara 
residents no longer believe in the 
word of our leaders in industry and 
technology. No matter what is want- 
ed for the Santa Barbara channels, 
exploitation of oil reserves or pro- 
tection of the environment, it is evi- 
dent that we shall need better tech- 



nology for underwater operations in 
the oceans and near the shore. We 
should be advancing this technology, 
not retreating from it. But because 
of the attacks upon technology and 
the distrust of technical leadership, 
these programs flounder. 

In the computer business, it is the 
custom to speak of hardware and 
software. The hardware is repre- 
sented by the machines themselves 
and the software is the set of pro- 
grams that tell the machines what 
to do. The impact of technology on 
society may be viewed as an inter- 
action caused by both hardware and 
software. The barriers to the effec- 
tive use of technology on society's 
problems are almost all software 
problems and these software prob- 
lems ultimately revolve around the 
struggle for control. Unions in the 
construction industry fight prefabri- 
cation because they are not sure they 
will be able to retain job security. 
When the most modern advances in 
telecommunications are used to guar- 
antee that the smallest number of 
persons will be informed regarding 
the progress of the "fight of the 
century"' between Joe Frazier and 
Muhammcd Ali (the smallest num- 
ber commensurate with maximum 
revenues, that is), the les.son is not 
lost on the multitudes. Control of 
technology is a form of power — a 
lucrative form indeed. In a highly 
technological society, such as ours, 
dependent for its very existence on 
high technology, the question of who 




"Look at tlu' brip;lit side — oinploynu'iit for 
thousaiid.s tryinj; to clean it up." 
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controls technology assumes greater 
and greater importance. 

The quest for better control of 
technology has reached Congress, al- 
though it is hard to say that Con- 
gress has made much headway with 
it. There have been a few bills in- 
troduced calling for "technology 
assessment, " a phrase much in vogue 
in 1968 and I969. The National 
Academies of Science and of Engi- 
neering have each issued reports in 
favor of technology assessment — 
the prediction of the probable social 
impacts of a new technology. But it 
is a matter of record that despite the 
discussions for two years, we have 
yet to see one good example of a 
genuine technological assessment. 
After the fact, of course, the social 
impacts of technology are easy 
enough to assess. The mechanization 
of agriculture has lead to greater 
farm productivity and, therefore, to 
the migration to the cities. This ef- 
fect was predictable, but I doubt that 
improved farming could have been 
held back and I seriously doubt that 
the cities would have made them- 
selves ready for the influx. Until 
recently no mayor or governor would 
have conceded that a population 
boom was not what his city or state 
needed most. While serving as the 
President's Science Advisor, Lee Du- 
Bridge once wryly referred to tech- 
nology assessment as "technology 
harassment." In my own testimony 
before the former Daddario Com- 
mittee of the House of Representa- 
tives, I urged that funds be expended 
soon in the making of a few tech 
noiogy assessments so that we could 
find out whether they were feasible 
to do, what they might cost in money 
and manpower, and what we might 
reasonably expect of them. Dadda- 
rio is now no longer in the House 
and, as yet, no one else has come for- 
ward to speak for science and tech- 
nology in Congress. I believe the 
discussion of technology assessment 
needs to be broadened to consider 
the subject of control of technology: 
Is it possible? Is it desirable? If 
control is impossible, perhaps we are 
better off trying to do technological 
forecasting — a less ambitious under- 
taking, but one with greater proba- 
bility of success. 

The uneasiness about technology 
and our seeming inability to come to 
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grips with it are characteristic of the 
mood of drift which seems to have 
overtaken our country. The Japanese, 
for example, know full well why they 
must have the best in technology. A 
population of 102 million, perched 
on an area less than that of the state 
of Montana, with less than half the 
land area suitable for cultivation, 
with limited natural resources must 
have advanced technology or perish. 
This recognized need for technology 
in Japan creates a far different cli- 
mate for technology there as com- 
pared to here. 

In the United States, on the other 
hand, there are few deep commit- 
ments to any public purpose. There 
is much talk — but most of the talk 
seems more designed for political 
advantage than concrete action. The 
attempt to draft a set of National 
Goals in 1970 expired in a quiet and 
unmourned death. The report of the 
Committee on National Goals, dated 
July 4, 1970, produced no sense of 
urgency, dedication, or commitment 
in anyone, including the Committee 
itself. The quest seems now to be for 
a return to normalcy: to a more satis- 
factory economy, to enough relief 
from problems of race, poverty, or 
the environment to mollify or at least 
render less potent those who press 
for reform. 

In testimony regarding the need for 
a policy on technology, I tried over 
and over again to make the point that 
such a policy is not an end in itself. 
Technology is not an end in itself. 
Technology is a tool to be used for 
a purpose. When we have estab- 
lished policies on education, on 
health, on our cities, on the environ- 
ment, on our balance of trade, on 
employment, then we shall know to 
what purposes we should put tech- 
nology. And when we understand 
and are committed to these purposes, 
our youth will again take an interest 
in technology. 

This presentation has been far too 
critical thus far to suit my taste. Let 
mc now end it on a happier note, by 
describing an important advance in 
technology which, unlike many other 
aspects of technology, is being di- 
rected in a responsible style. I refer 
now to the advances being made in 
our ability to modify the weather. As 
chairman of the Interagency Com- 
mittee on the Atmospheric Sciences 



for about 18 months, I had a chance 
to work with the best people in me- 
teorology and atmospheric physics in 
the nation. These people are on the 
verge of great accomplishments in 
enhancing our ability to do such 
things as augment snow pack in 
mountains, combat hail, reduce the 
force of hurricanes, divert snowfall 
from cities to mountains and in- 
crease tropical rainfall. What I find 
impressive about their style is the 
careful way they have gone about 
keeping the people involved — those 
whose lives would be affected — 
aware of what was going on. In 
Florida, representatives of the toma- 
to growers helped watch the radar 
screens and had a voice in deciding 
when and where experiments might 
be done. Residents of Western states 
were cjueried as to what they knew 
about these procedures. Ski resort 
operators of New York were kept 
posted and invited to keep an eye on 
the research. I am proud to observe 
that in no instance has the federal 
government repeated the terrible 
mistake of the Armed Services, which, 
in the late 1940s, classified some 
parts of Project Cirrus just so no 
private citizen would have a basis 
on which to bring suit in case those 
abortive attempts at weather modifi- 
cation really succeeded. 

And now one of the greatest ad- 
vances of all may well be just ahead 
of us — the ability to reduce the 
damage from a hurricane. It is the 
researchers and their leaders, them- 
selves, who have raised the question 
of when and where this technology is 
to be displayed, who have asked for 
guidance on the legal, social and 
ethical questions that this new tech- 
nology poses. 

This is a new style, one which I can 
heartily endorse. Even without spe- 
cial leadership and without formal 
policies, we often do some things 
right. I suspect that there are more 
technologies being carried forward 
responsibly; it is just that responsible 
progress is not newsworthy. But 
little by little we do gain on our 
problems. It is, I suggest, reasonable 
to hope that as more people in tech- 
nology become more sensitive to 
these issues, and show their sensitivi- 
ty by their style, and as technology 
is more observably pressed into the 
service of man, the trust will return. 
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III. THE ENGINEER 
IN THE ESTABLISHMENT 



. . the maximum progress possible on the basis of our present 
knowledge and manpower wiU fall far short of meeting our needs. 

Problems faced by this country are so difficult that we shall he dis- 
appointed no matter how much effort we expend. This is true although 
the mind of man augmented by machines is capable of far more than 
has yet been accomplished, given adequate financial and moral en- 
couragement." Daniel C. Drucker is dean of engineering. University 
of Illinois at Vrbana. 



DANIEL C. DRUCKER 



The attackers of science and engi- 
neering really have far too much faith 
in the ability of engineers to solve 
problems. They have so high an 
opinion of our technical ability that 
they are convinced our errors of 
omission as well as commission are 
purposeful. In their childlike faith 
they believe that all our engineering- 
related societal problems — housing, 
transportation, pollution — would be 
solved, or never would have been 
created, were we not venal or amoral 
or lazy. After all, we did put a man 
on the moon according to plan, I 
shall return to this most important 
error of perception after exploring a 
while longer the identification of 
engineers and technology with evil 
rather than good. 

Engineers view themselves, on the 
whole, as servants of society. Those 
who view society or the Establish- 
ment as inherently evil then have 
cause for transferring the label of 
evil to engineers. When society, as 
represented by those who pox-ern the 
setting uf priorities, votes for mili- 
tary weapons, weapons are devel- 
oped. When laws permit pollution 
by industry and tax incentives attract 
polluting industries, industrial plants 
which pollute will be built by engi- 
neers. 



A split personality sometimes de- 
velops with an engineer or scientist 
serving the demands of society dur- 
ing his workday and protesting the 
decisions of society in his leisure 
hours. Engineers may be criticized 
for this subservience to the will of 
the majority, but their behavior real- 
ly is more appropriate than the tech- 
nocracy concept of engineers govern- 
ing society. If we believe in demo- 
cracy, we must behave in accord with 
that belief. Anarchy is not a viable 
alternative in the interdependent 
world of today. It is necessary to 
work within the system to change the 
system. 

Working as directed by a clear 

and informed majority opinion has 
much to commend it. Engineers do 
have the obligation and now are 
seizing the opportunity to present 
their assessments of the present and 
future to the policymakers. They are 
engaged actively in the debate on 
proposed solutions to societal prob- 
lems. Yet once the group decision 
is made, engineers, by tradition and 
inclination as a class, will help to 
implement it. 

Engineering has served society ex- 
tremely well by the standards society 
has set for itself. The basic criticism 
is that engineering did not lead so- 
ciety. Engineers did not lead in the 
political movement for automobile 
safety, or for more stringent laws 
against air pollution. This is a seri- 
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ous charge against a professional 
group, and its partial validity is now 
acknowledged by the engineering so- 
cieties. However, it should not be 
confused with the charge that engi- 
neers caused vehicles to be unsafe, 
or caused pollution, or failed in the 
role society as a whole had assigned 
to the profession. It is the ground 
rules of society which have changed 
in the last 25 years and have under- 
gone especially rapid change in the 
last decade. Translated to its sim- 
plest and possibly unacceptable ex- 
treme form, the engineer (really the 
political or economic policymaker) 
no longer is to give the public what 
it thinks ;ind says it wants. This his- 
toric turning point may be here or 
just around the corner. It will be a 
turning for the better only when we 
agree that we know enough about 
how to solve our problems. 

It is too muili to expect the aver- 
age person acting on his own to give 
up his favorite toy and prestige sym- 
bol which pollutes the atmosphere 
and injures about two million people 
a year. It is too much to expect the 
average engineer or the average busi- 
nessman to insist upon standards of 
safety and excellence so far above 
the norm that economic failure would 
result from such unilateral action. 
Governmental action and controls, 
through tax incentives and penalties 
in particular, is essential. It is not 
that appeals to professionalism or 
to innate goodness and concern for 
the future fall on deaf ears. They 
simply are drowned out by far greater 
clamor for less expensive goods and 
services, for highways convenient for 
the majority despite the damage they 
do to central city areas, for airports 
located near to downtown rather than 
far out in the pleasant countryside, 
for schools at all levels which cost as 
little as possible rather than those 
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which educate as well as possible. 
The typical response today to clearly 
demonstrable long-range needs of 
society is a great deal of talk and 
very little money. We do not vote 
additional taxes, we try to reduce 
taxes and talk about reordering our 
priorities. The typical speaker we 
invite to chastise us at engineering 
meetings usually urges a reordering 
of priorities. He proposes that the 
defense budget, the space budget, 
often the ioreign aid budget, be cut 
and the money saved be spent on the 
urban and the rural poor. We nod 
our heads. We too agree that pri- 
orities must be reordered. 

Evading Real Issue 

1 suggest that this emphasis evades 
the real issue. It casts the argument 

in the wrong terms. If we believe 
in helping the poor, we should say 
so without qualification. We must 
be willing to sacrifice to do so — 
not simply to reorder priorities and 
so not raise taxes and not cause us 
the slightest degree of pain. It dis- 
turbes me to hear it implied that not 
only can we help the poor but we 
can save money oursehes by the "re- 
ordering of priorities." No matter 
what we think of the Defense De- 
partment, it remains an economic 
fact that cutting its budget and re- 
ducing our taxes will produce addi- 
tional unemployment, especially 
among minority groups. 

The only way to help the poor 
join the mainstream of American life 
is to provide goods and services and, 
most of all, job.s. Our c.ip.uity to 
produce competitively in world 
markets must increase enormously. 
Competitively is .in essential qu.ilificr 
if we are to maintain employment at 
home. Also, the productive capacity 
of tlie entire world must make tre- 
mendous jumps if the average per- 
son in the world today is to live 
half as well as the poor in this coun- 
try. Our survival depends upon this 
rather conventional application of 
technology. We must go beyond this 
immediate need and at the same time 
reduce pollution and increase the 
quality of life. This is an awesome 
task. Tax reduction, a choking off 
of technology, a reduction in basic 
and applied research, a throttling of 
our educational institutions — each 
individually will lead us to disaster. 



So too shall we face disaster if a size- 
able fraction of our brightest youth 
persist in a pseudo-commitment 
which means withdrawal in a smoke- 
screen of talk. 

Basic Misconception 

This then brings me back to the 
basic misconception of the critics and 

many of tlie defenders of engineers 
and technology. We do know the 
problems which must be solved if 
the quality of life is not to become 
intolerable for all of us, not just the 
poor. Despite the moon landing, 
despite the fantastic accomplishments 
of modern engineering, we do not 
know how to solve most of the prob- 
lems we face c\eii in their purest of 
technical forms. Every time 1 hear 
the statement that the important 
problems are social and political, not 
technological, 1 shudder. Quite apart 
from social acceptability, an engi- 
neering solution must be an eco- 
nomically permissible one at least. 
Certainly we can clean up the air, or 
the water, or the cities. We can pro- 
vide adequate transportation. We 
can do just about any one of a num- 
ber of good things, but we do not 
know nearly enough to do any size- 
able fraction of them within our 
available resources. Even worse, in 
far too many instan;.es we are so ig- 
norant of the consequences of our 
acts in an ecological or human sense 
that we are totally unable to weigh 
the pros and cons of a change from 
a presently undesirable practice. 

My view of engineering through 
the ages is one of profound admira- 
tion for the accomplishments of ord- 
inary men and men of genius, men 
who have learned through error as 
well as success. As the mathematical 
and scientific base of engineering has 
improN cd and increased, the successes 
of the past have become codified and 
available to future generations while 
the failures of the past can be avoid- 
ed. More and more can be computed 
and predicted in advance through 
theory and experiment. However, 
engineers are always called upon to 
tackle problems beyond the fron- 
tier of knowledge. Some failure is 
inevitable, even in the traditional 
fields. How naive to expect preci- 
sion of prediction, an accurate assess- 
ment of costs and feasibility, or true 
success when such a project starts. 



The best one can hope for is success 
without regard to cost when there is 
basic understanding and when clear- 
ly foreseen advances in the state of 
the art are needed without true 
breakthroughs. The moon landing 
was a superb engineering achieve- 
ment but it was within this classifica- 
tion. The solution to our energy 
crisis in the complete social, political, 
economic and technical sense is not. 
Health care delivery systems, trans- 
portation systems, urban and rural 
planning, housing, pollution — all 
of our major problems and an in- 
finite host of minor ones are col- 
lectively beyond our capabilities at 
present. 

Beyond Reidity 

We have been blinded ourselves 

and been deluded by our critics into 
an acceptance of an engineering capa- 
bility orders of magnitude beyond 
reality. Except within the impossi- 
ble constraint of a fixed technology, 
our problems are not basically socio- 
logical or political. Most will never 
be solved without major technologic- 
al advances. The collective or indi- 
vidual reactions of people are terri- 
bly important and must be satisfied 
for a solution to be a solution. Yet, 
were we to know all about people 
and their behavior, present-day tech- 
nology and a complete reordering of 
our priorities would fail miserably 
to begin to meet our expectations for 
the world of tomorrow. Of course, 
we know even less about people than 
about science and almost nothing 
about how to bring the social sciences 
together with the sciences and en- 
gineering. 

The main point 1 should like to 
make is that the maximum progress 
possible on the basis of our present 
knowledge and manpower will fall 
far short of meeting our needs. Prob- 
lems faced by this country are so 
difficult that we shall be disappoint- 
ed no matter how much effort we 
expend. This is true although the 
mind of man augmented by machines 
is capable of far more than has yet 
been accomplished, given adequate 
financial and moral encouragement. 

We now live in a time of physical 
and social crisis, but our response 
cannot be one of panic with our full 
attention devoted to the immediate 
issues of the day. The argument that 
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we must devote all of our energies to 
the problems which confront us now, 
or we shall not survive to meet the 
future, is self-defeating. 

We always shall live in times of 
crises, we and our children after us, 
and their children. Surely we must 
overcome the worst of our immediate 
stumbling blocks. However, realism, 
not wishful thinking, should govern 
our allocation of that scarcest re- 
source of all — highly educated peo- 
ple. 

Partial success in tackling today's 
problems is all we can hope for be- 
cause w'e know almost nothing about 
how to eliminate most of our present 
difficulties. The realistic approach 
is to employ a large fraction of our 
ablest people not in manning the 
ramparts, but in a systematic study 
to stave off complete disaster by 
the year 2000. 

Make No Choices 

We must reaffirm our tradition 
of educating everyone to the highest 
level consistent with his or her abil- 
ity and aspiration. We must not 
make a choice between better ele- 
mentary education, or better high 
school education, or better college 
education, or graduate or postdoctor- 
al education. 

To the statement that we cannot 
afford to do all of these well, the 
answer must be that we cannot afford 
not to. On the average, the higher 
the level of education reached, the 
greater the contribution any individ- 
ual can make, and the better off wc 
all shall be. 

\X'e read today that there is a sur- 
plus of teachers at most levels. What 
nonsense when our educational sys- 
tem is so inadequate for the rural 
and the urban poor and provides so 
meager a challenge for the brightest 
of our students at all levels that they 
grow up believing themselves more 
knowledgeable and mature than any 
of their teachers. 

We hear today about the surplus 
of scientists and engineers. Distin- 
guished leaders seriously suggest that 
we should discourage young men and 
women from graduate study, and if 
they insist on graduate study we 
should discourage them from re- 
search. 

We do indeed seem bent upon our 
own destruction, whether we view 



the world as isolationists concerned 
primarily with the survival of this 
country, or recognize the oneness of 
our tiny sphere. 

Every now and then the American 
educational tradition is reaffirmed. 
Michael Bakalis, Superintendent of 
Public Instruction of the State of 
Illinois, stated it clearly: "But if one 
child in Illinois is denied the oppor- 
tunity to reach the level of his edu- 
cational potential, then all of us will 
be the losers." This simple truth of 
long-range societal gain holds at all 
levels of education from the ele- 
mentary grades through to postdoc- 
toral training. As the level of educa- 
tion rises so does the cost per year, 
but so also does the eventual return 
to society. 

Higher Education 

Accurate prediction of the num- 
bers of students at each level of edu- 
cation is difficult. It may be of some 
help to \isualize the entering group 
as consisting of about 100,000 first- 
grade elementary school classes in 
session across the country with almost 
40 pupils in each. On average, cer- 
tainly two pupils in each class have 
the intellectual potential to go on to 
doctoral work. The 200.000 per year 
is about five per cent of the total. 
Suppose one-fourth of these potential 
doctoral candidates has the desire as 
well as the ability. Public policy 
should do more than permit so small 
a fraction of the population to con- 
tinue to the highest level; public 
policy should actively encourage the 
development of this rare natural re- 
source. Unlike coal or oil or metallic 
ores, this resource if untapped is for- 
ever lost. 

We recognize the need for many 
years of education and training for 
medical doctors who provide for our 
physiological and mental health. 
Sliould not a substantial fraction of 
those specialists responsible for our 
industrial, nutritional and social 
"health" have an education as de- 
manding as a medical specialist re- 
ceives ? 

Highly educated people are re- 
quired in a wide variety of fields. 
Engineering, which represents a 
small but significant fraction of the 
total, is singled out here for obvious 
personal reasons. Also, the numbers 
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are quite well established and engi- 
neering ranks high in the scale of 
disciplines upon which our industrial 
and societal position and progress 
depends. That 20 per cent of all 
doctorates will be in engineering is 
an Office of Education projection 
for 1980; the 10,000 per year by 1985 
is based on one-fifth of the bachelors 
degree recipients and is conservative 
in comparison with experience in 
physics and with projections of over 
two decades of very rapid growth 
which is now throttled down by fi- 
nancial stringency. 

The numbers and the cost of higher 
education appear to be staggering 
but the cost of not providing the op- 
portunity is even more overwhelm- 
ing. In fact, we have already made 
the major commitment or are in pro- 
cess of doing so. 

At present 750,000 or so bachelors 
degrees are awarded by our colleges 
and universities each year; by 1985 
this figure is likely to exceed one 
million. By 1985, 50,000 doctoral 
degrees is a reasonable goal — aImo.st 
twice the present output — and 
10,000 doctoral degrees in engineer- 
ing seems appropriate. By 1980, 
8,000 doctoral degrees in engineering 
can be achieved — about twice the 
present number. 

The cost of increasing doctoral 
output is substantial. 

The Advisory Committee for Engi- 
neering of the National Science 
1-oundation has estimated that S500 
million more per year will be needed 
for engineering alone, some S2 to $3 
billion per year for all fields. Enorm- 
ous as this figure seems, it must be 
recognized that the total is less than 
0.3 per cent of the gross national 
product, less than $15 per person per 
year. It would be more than repayed 
to the American public if the result 
were an increase in family income of 
only $100 per year. A more extreme 
view, but one which carries consid- 
erable conviction, is that this cost is 
equal to less than five per cent of 
the defense budget and so is a small 
price to pay for insurance to avoid 
the civil catastrophe which awaits us 
if wc do not solve our problems in 
a reasonably satisfactory manner. 
The modest approach is that benefit 
would far exceed cost if there is any 
validity to the argument that the 
pressing problems of society must be 
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"Responsible scientists fear that unless erroneous convictions are 
dispelled there is a reed danger that festering anti-scientism could even- 
tually destroy science. In so doing, it wotdd destroy a part of society 
itself because science is more part of the composite activity of a society 
than an isolated pursuit of an elite group. ... It is a social responsi- 
bility of the scientist and engineer to help correct the vast and dangerous 
misconceptions about themselves, uhal they do and how they do it." 
Physicist Alan Mencher is science attache with the 27.5. Embassy in 
London. 



On the Social Deployment 
of Science 



met in an economically viable manner 
withia the context of a technological 
civilization of almost incredible com- 
plexity. 

To me, one of the greatest chal- 
lenges of the next decade or two 
within the universities is to attempt 
to create a discipline or a set of disci- 
plines lying between engineering and 
the social sciences. Such a true 
interdisciplinary effort can be mean- 
ingful and successful only when first- 
rate engineers and first-rate social 
scientists interact as equals in com- 
mon research and teaching tasks. 
Even if this grand design is beyond 
our capabilities, the understanding 
and the methodologies developed in 
a true team effort provide the only 
hope I can see of arriving at reason- 
ably optimum policy decisions. As 
time goes on, the luxury of major 
mistakes in direction will involve 
monetary and social costs beyond our 
resources. 1 view the engineer, ope- 
rating at a very high level, as the 
driving force in a partnership of in- 
tellectual equals because he is ori- 
ented to action as well as study. 

Perhaps more significant still, the 
engineering MS and PhD group will 
be by far the major source of supply 
of suitably educated people. All dis- 
ciplines will have to contribute if 
valid answers are to be obtained. 
However, ntunerically and philo- 
sophically, both by nature and educa- 
tion, the engineering component will 
dominate. The implications of this 
for engineering education and the 
selection and guidance of students 
must be examined carefully. 

As I put it to the entering fresh- 
men class in the College of Engineer- 
ing at Urbana and to anyone else 
who will listen: 

If a young man or wofflua wishes 
to improve the human condition, 
to decrease the poUittion of our 
physical and social environment, 

there is no better base from which 
to start than an engineering edu- 
cation. Social and political aware- 
ness are essential but action — ef- 
fective action — requires disci- 
plined knowledge. Most of our 
problems are far from pure engi- 
neering or technological problems. 
Their solution, however, will re- 
quire a very strong, probably a 
dominant, engineering input. Cer- 
tainly this is true for the develop- 
ing countries of the world, but it 
is true also for us here in the 
United States. 
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Science is neutral. As has been 
said, equations do not explode and 

technology can be used for good 
or for evil. They are both a part of 
the world's culture. Science-based 
technology is one of the great creative 
forms of our time. 

Conventionally, science is defined 
as a generator of new knowledge, 
while technology is its application. 
At the same time, the history of 
science shows that the attack on prac- 
tical problems points up new theo- 
retical problems. Technology also 
feeds science by providing the tools 
and instruments needed to develop 
new knowledge, while an increase 
in our understanding of how nature 
operates (the subject of science) m- 
evitably leads to an ability to ma- 
nipulate it for our own purposes 
(the subject of technology). This 
complex interplay which has been 
one of the most fruitful factors in 
the growth of science, and which is 
the very life blood of technology, 
makes it axiomatic that the pipelines 
of scientific knowledge must be kept 

full. 

Basic research is a natural resource, 
just as agriculture and mineral de- 
posits are, and as important to the 
public concern as military security, 
education and the management of 
the economy. It is a very real force 
in international politics, a fact 
learned by the United States with 



the accrual of power after World 
War II as a consequence of the gen- 

er.ition ind application of new 
knowledge. 

Of course the role of science in 
power politics and military affairs 
is one of the major causes of the at- 
tacks to which it is subject. But the 
ultimate importance of fundamental 
research, twinned with technology, 
to every major national social goal, 
is incontestable. If for no other 
reason — and there are many others 
— it is necessary to develop suffi- 
cient knowledge now lacking to per- 
mit the development of sensible ac- 
tion programs to attack environmen- 
tal problems. 

The field of ecology has hardly 
been born. There is very incomplete 
understanding of the processes tak- 
ing place in the few square yards of 
earth forming the life system called 
a terrarium, to say nothing of larger 
systems that form the real world. 
In a recent film on British televi- 
sion, American investigators were 
shown observing a young goat on 
the pasture land where he was graz- 
ing. They were equipped with 
walkie-talkies, and the commentary 
went something like this; "Two 
mouthfuls of grazing grass. Three 
of blue grass. Two of yellow-cupped 
meadow flowers," and so on. 

But let us not be deluded into 
thinking that science can be separ- 
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ated into socially acceptable and so- 
cially unacceptable parts. The for- 
mer Soviet Foreign Minister, Maxim 
Litvinoff, used to say "Peace is in- 
divisible." So is science. Advances 
in one area arc often necessary for 
progress in another. Modern biolo- 
gy and genetics would not exist with- 
out the invasion of the chemists stu- 
dying the structure of proteins and 
other complex biological molecules. 

Responsible scientists fear that un- 
less erroneous convictions are dis- 
pelled there is a real danger that 
festering anti-scientism could even- 
tually destroy science. In so doing 
it would destroy a part of society 
itself because science is more part of 
the composite activity of a society 
than an isolated pursuit of an elite 
group. Because we focus on it, we 
risk the error of looking on it as a 
relatively closed activity whose in- 
ternal operations are of no inter- 
est, rather than as one which inter- 
acts closely with the other activities 
making up the nation. It is a social 
responsibility of the scientist and 
engineer to help correct the vast and 
dangerous misconceptions about 
themselves, what they do and how 
they do it. 

The difficulty in correcting these 
misconceptions is, in my view, not 
merely one of a communications gap 
but also one of the mutual education 
of groups that are heavily insulated 
from one another by virtue of dif- 
fering mental modes. 

Consider the fundamental differ- 
ences between the science-oriented 
student and his humanities-oriented 
colleagues. Aspiring scientists and 
engineers share high professional mo- 
tivation. To them, science and tech- 
nology fulfill an essential role in 
contemporary society. They find it 
a satisfactory intellectual challenge. 
They have a capacity for thinking in 
abstract terms, a talent in visualiz- 
ing spatial relations, skill in mathe- 
matical manipulation and a commit- 
ment to the orderly development of 
a line of thought from hypothesis 
to conclusion. They are often slow 
readers, poor writers, compulsive 
consumers of detail (a minus sign 
in the wrong place can be a catas- 
trophe) and generally better at analy- 
sis than synthesis. 

Those attracted to the humanities 
have a greater tendency to be ver- 



bally oriented. They develop more 
easily a facility for rapid absorption 
of large masses of printed material 
from which they learn to abstract key 
points and issues rapidly. Their oral 
expression and vocabulary are gen- 
erally richer than that of their scien- 
tific counterparts, and their expres- 
sion and style in the written language 
are generally superior. They more 
readily develop the technique of syn- 
thesizing trends from individual acts 
and of generalizing from a scries of 
particulars. Generally, they arc bet- 
ter speakers. 

These two sets of talents are not 
at all mutually exclusive, but in gen- 
eral, people seem to incline toward 
one mental mode or another, and 
the existing educational and cultural 
structures push them further apart. 

As a result, scientific illiteracy (in 
my view, a dominant barrier to the 
resolution of the dilemmas of de- 
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ploying science for social objectives) 
can crop up in high places. A story 
is told by Robert Sproull of a man 
who subsequently became president 
of one of the dozen most prestigious 
American universities. This man 
seriously believed that if a coin is 
tossed 10 times and comes up heads 
each time, the probability is greater 
than one-half that it would come up 
tails on the next toss "in order to 
make the law of averages come out 
right." 

Why should this be important.' 
Because a world largely populated by 
scientific illiterates is called upon 
to voice its opinions, preferences and 
c\en judgment on matters of social 
choice having high technological con- 
tent. Their exposure to the ABCs of 
the world of science might avoid the 
propagation of a deplorable mythol- 
ogy- 

Unfortunately this exposure is 
blocked by a very real communica- 

December 1971 



tions problem between scientists and 
the public. I refer to this problem 
as Beer's paradox after Stafford 
Beer, the distinguished British cy- 
bernetician who claims that "the 
media of communication — of all 
things — stands between the public 
and the real insights of science." 

By now we are bored with the 
laundry list of new knowledge: 
Scientific information is doubling 
every decade; a typical university li- 
brary doubles in 30 years; the com- 
putational work of a team of 20 
people during World War II, work- 
ing for a year with the then genera- 
tion of IBM machines, can now be 
done in one afternoon by one person 
while 100 other people are using 
the same computer. 

This state of affairs commends edu- 
cation of the public through the 
media, particularly in the area where 
science and technology have such a 
devastating impact on social action. 
Many scientists recognize the im- 
portance of television and want to 
use it to communicate with the pub- 
lic. But they suffer badly in the 
competition for audience which is 
based on the producer's evaluation 
of commercial return. 

Although Beer's remarks are di- 
rected toward British television, they 
arc more generally applicable. He 
argues that the slant projected by 
science-oriented programs is effec- 
tively that of the producer who 
makes the program and can edit and 
assemble the material in such a way 
as to say whatever he likes. Very 
often the scientists are not even in- 
cluded. This is a case of McLuhan 
in revcr.se, where the medium masks 
the message. 

While contemporary science is the 
progeny of the marriage of govern- 
ment and university, civil technology 
is the child of industry. Private in- 
dustry provides the most successful 
machinery in our system for devel- 
oping technological innovation. Since 
acceptable solutions to many social 
problems will require technological 
advances and even breakthroughs, 
industry will play an essential role. 

The typical large company consid- 
ers that its primary social responsi- 
bility is to make profits that will per- 
mit it to pay taxes to the govern- 
ment and dividends to its share- 
holders so it may continue in busi- 
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ness, continue to develop and em- 
ploy more people who in turn pay 
more taxes. If a company persistent- 
ly loses money it will ultimately fail. 

Like any biological or institutional 
organism, industry is primarily com- 
mitted to its own survival, which 
means the earnings of profits, con- 
sistent with the law (or occasionally 
inconsistent with it). This can place 
it in incongruous situations where, al- 
though it is operating in the public 
interest by providing jobs and gen- 
erating taxable profits, it may be 
working against the public interest 
by polluting the environment, blight- 
ing the countryside or destroying 
amenities. 

This is because industry relies on 
the marketplace to measure the use- 
fulness of new products to the user. 
In contemplating new investment, 
industry assesses the potential of 
a new product by cost-benefit cal- 
culations based on market stu- 
dies. It does not measure potential 
damage to others or to the environ- 
ment. It rarely has occasion to con- 
sider side-effects and long-range con- 
sequences, but only reflects consumer 
preference. The reasons for its nar- 
row assessment is that the existing 
legal order determines which costs 
and which benefits are to be taken 
into account and which ignoretl. For 
example, a power company treats the 
fuel it consumes as cost, but ignores 
pollution because it generally is not 
required to pay for cleaning it up. 
A public relations problem might 
occur, but this affects the company 
only because it fears that public 
opinion might cause a change in the 
laws. 

For these reasons, pollution is a 
"social" or "external" cost rather 
than a business or internal cost, but 
only because and to the extent that 
the legal system so decrees. The sys- 
tem of markets and prices is modi- 
fied and sometimes replaced by gov- 
ernment intervention. Control is 
exercised through the patent sys- 
tem; through government financing 
of technical projects in industry; 
through regulation of certain indus- 
tries by government; and through 
government's direct involvement in 
technical programs in areas like hous- 
ing, highways, water resources, agri- 
culture, aviation and military equip- 
ment. 
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Ihe fact is that industrial growth 
contains intrinsic penalties in injury 
to the physical and man-made en- 
vironment and to the physical and 
psychological health of populations. 
Yet it is the limiting factor that de- 
fines the total resources available for 
the achievement of social goak and 
may indeed be a precondition rather 
than a deterrent for their realization. 

The reason for this is that con- 
tinued growth is going to be neces- 
sary if we are to shift the emphasis 
of our present allocation of resources 
to a distribution more responsive to 
contemporary needs. Present claims 
on available financial resources pre- 
clude major new efforts until the 
middle of the decade. Anyone ex- 
pecting significant replacement of 
programs underway underestimates 
the inertia and the virtual immor- 
tality of large government institu- 
tions. Vested interests will not easily 
allow short-term changes in the 
claims on our financial resources. If 
we are realistic, we shall not count 
on diversion of huge military bud- 
gets to civil programs. So it would 
seem that we must rely on growth. 

Technological innovation is an im- 
portant stimulant of growth and 
therefore a motivating force for the 
necessary shift of emphasis. If pri- 
orities are to be reordered so as to 
make the quality of life a major na- 
tional goal, technological innovation 
must be encouraged as a matter of 
national policy, although on a highly 
selective basis. Beyond this, we rely 
on new technological developments 
to compensate for our high standard 
of living and wage rates through the 
greater industrial efficiency necessa- 
ry to remain competitive internation- 
ally. To these ends a great deal more 
must be learned about the poorly 
understood subject of the relation be- 
tween science and technology on the 
one hand and economic factors on 
the other. 

Industry is bound to play an im- 
portant role in the shift of emphasis. 
It has the advantage of considerable 
flexibility as compared to govern- 
ment or universities and can be rela- 
tively quick in responding to per- 
ceived opportunities. 

But until industry sees public needs 
as markets, there is no incentive for 
it to be a real participant. The help 
of government is necessary to define 



market opportunities and to lend 
them stability as credible, long-range 

prospects for industry. 

Before investing, an industrial 
executive wants to know who the cus- 
tomer is, what his requirements are 
and how long he will have them. 
Unfavorable answers can deter in- 
vestment. With regard to investment 
in civil systems, there may be uncer- 
tainty about government interpreta- 
tion of antitrust laws and regulations 
in cases where products and services 
from different companies, or a pool- 
ing of resources, are required. The 
reluctance of many government de- 
partments to award research grants 
to industry in favor of universities 
and nonprofit organizations is a de- 
terrent to investment, as is the con- 
fusion of varying regulations and 
standards from one local jurisdic- 
tion to the next. Resolution of these 
issues can help bring the formidable 
resources of American industry to 
bear upon our most pressing prob- 
lems. 

Socinl Systems 

One of the great deterrents to the 
realization of social objectives is the 
absence of an adequate understanding 
of social systems themselves. Sociolo- 
gists of reputation freely admit their 
shortcomings in describing social 
phenomena, let alone predicting 
them. To quote one of them, Fred- 
rick Bates: ". , . any re-design of 
our present society along Utopian 
lines would have to be done largely 
on the basis of beliefs, values, preju- 
dices and preferences rather than on 
scientifically reliable knowledge." 

To make matters worse, we hear 
misgivings from respected authorities 
about the applicability to the social 
domain of the procedures, approach 
and even philosophy which have led 
to such spectacular progress in die 
understanding of nature. Some noain- 
tain that no amount of mathematical 
refinement will permit the applica- 
tion of the methods of the physical 
sciences to the social sciences. This 
thinking is quite independent of the 
fact that in some problems of social 
change — such as the migration of 
blacks and Puerto Ricans to New 
York City — the data may change 
significantly before the study can be 
completed. It is rather based on a 
conviction that an entirely new meth- 
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odology must be invented and that 
the social sciences have been set back 
50 years by their espousal of the 
epistemology of the natural sciences. 
Nonetheless, advances in computer 
technology make possible more elabo- 
rate simulation studies and mathema- 
tical models, using the old methods. 
Economists and operational research- 
ers use them all the time. 

World Dynamics 

I should like to mention one com- 
puter approach, not necessarily be- 
cause I believe it, but rather as an ex- 
ample of the extreme results which 
we should both listen to and be wary 
of. This is the systems dynamic meth- 
od of computer modeling developed 
by Jay Forrester of the Massachusetts 
Institute of Technology, who applied 
it first to the industrial environment, 
then to the urban environment and 
has now extended it to what he calls 
World Dynamics. His computer 
models of industrial, urban and world 
complexes differ from those com- 
monly applied in the social sciences. 
Whereas the usual models are statis- 
tically derived from data, Forrester's 
models contain "a statement of sys- 
tem structure." He maintains that 
this type of model explains our pres- 
ent difficulties with real social sys- 
tems and why so many efforts to im- 
prove them have failed. 

The model of World Dynamics 
unfolds scenarios in which technolo- 
gy threatens to spell the decay of 
civilization as we know it by artifi- 
cally permitting industrial expansion 
beyond the exhaustion point of natu- 
ral resources. Forrester first exam- 
ines a situation in which declining 
resources and the consequent fall in 
capital investment are a limiting fac- 
tor to industrial growth. There will 
be spontaneous pressure to reduce 
world population, and the model pre- 
dicts a population peak limited by 
economic factors in the year 2020. 

This, however, would be one of 
the more desirable forms of the in- 
evitable limitations on population 
growth foreseen by his model. Sci- 
ence and technology can be expected 
to find some substitutes for natural 
resources. Thus depletion will not 
have the normal limiting effect on 
industrial expansion, and eventually 
on population. Industrial growth 
would continue, capital investment 



would rise, as would the population, 
until a pollution crisis (instead of 
economic factors) intervenes to re- 
duce birth rates, increase death rates 
and reduce the food supply. This 
would not be a minor dislocation but 
rather a catastrophe in which the 
population, peaking in the year 2030, 
would fall to one-sixth of the peak 
value within 20 years. So the tech- 
nological success of replacing natural 
resources would lead, according to 
this model, to a pollution disaster. 
This is an example of how the treat- 
ment of symptoms (depletion of re- 
sources) of a short-range problem 
(lowering of living standards) can 
create worse long-range trouble in 
other parts of the system. 

Forrester's World Dynamics is 
highly controversial among profes- 
sional operations researchers. But 
there are other scientists of consid- 
erable reputation who profess genu- 
ine fear for the survival of the hu- 
man race. Yet the resourcefulness of 
man and his adaptability as a biologi- 
cal organism are awesome. As Philip 
Handler, president of the National 
Academy of Sciences, reminds us: 

Primitive nature is largely hostile 
to man and subject to wide fluctua- 
tions due to natural cataclysms. . . . 
It was the natural forces of physical 
and biological evolution on this 
planet which extinguished at least 
90 per cent of all species that have 
ever appeared on the face of the 



Earth. But man, uniquely, is the 
first species which can control his 
own destiny and that of all other 
living forms. 

We must listen to those who defy 
conventional wisdom, for they may 
be just the ones who can pipe the 
tune of the future. We must test 
all intellectually respectable lines of 
inquiry, while keeping in mind that, 
as the great Danish physicist Neils 
Bohr said, "it is very difficult to 
predict — especially the future." 

As presently organized, our gov- 
ernment structures are not necessari- 
ly appropriate to their tasks. Donald 
Schon has referred to them as "me- 
morials to old problems," the point 
being that the rate of change in hu- 
man affairs is today so great that 
once a problem has been recognized 
and acknowledged to the extent that 
solutions are developed, that very 
problem is already overtaken by 
events and is no longer a valid state- 
ment of need, so that the solution 
is obsolete. 

Technology Assessment 

For the present, however, we must 
make the best of those institutional 
arrangements that we have. One 
scheme for doing so, called "tech- 
nology assessment," is undergoing 
promising development. Technolo- 
gy assessment was born because a 
need was perceived by former Con- 




"Mlles per gallon? That's another thing that's new. It gets 1,500 
YARDS per gallon." 
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gressman Emilio Daddario, then 
chairman of the Subcommittee on 

Science, Research and Development 
of the House Committee on Science 
and Astronautics, for a resource avail- 
able to Congress which would pro- 
vide adequate and objective informa- 
tion for evaluation of the total im- 
pact of new technological develop- 
ments proposed for the government 
to undertake. Such information is 
required for a political decision and 
therefore cannot be confined to the 
usual economic cost-benefit. It must 
include social as well as economic and 
technical factors — not an easy order. 

A series of studies on technology 
assessment was commissioned by the 
Committee. One was performed by 
the National Academy of Sciences, 
another by the National Academy of 
Engineering and a third by the Legis- 
lative Reference Service of the Li- 
brary of Congress. Together these 
exploratory reports form a concep- 
tual basis of technology assessment 
by providing, respectively, a philo- 
sophical framework, sample assess- 
ments of current choices and case 
histories of past choices. Out of all 
this has emerged a methodology, de- 
scribed by Dr. Chauncy Starr, dean 
of engineering and applied science 
at the University of California at 
Los Angeles and chairman of the 
committee which produced the NA£ 
report : 

1. Identification of the subject to 
be assessed. 

2. Delineation of the scope of the 
assessment. 

3. Development of a data base. 

4. Identification of alternative 
strategies to solve the selected 
problems with the technology 
under assessment. 

5. Identification of parties affected 
by the selected problems and 
by the technology. 

6. Identification of the impacts on 
the affected parties. 

7. Measurement of the impacts. 

8. Comparison of alternative stra- 
tegies. 

The NAE set up three task forces 

to do experimental technology assess- 
ments in three areas. Testimony of 
their success lies in the fact that in 

one of the studies certain needs were 
identified which had not previously 

38 



been recognized, and others came up 
with findings that had been over- 
looked by related studies that had 
not been focused by the methodology 
of technology assessment. 

But technology assessment can be 
expensive, it can be long, and its 
conclusions may not be accepted. For 
example, the only full-scale technolo- 
gy assessment of which I am aware 
has taken two years and cost $2.5 
million. It was done by the Third 
London Airport Commission which 
was assigned the unenviable task of 
recommending a site for a third ma- 
jor airport to serve Britain. Ecologi- 
cal, amenity and social values as 
well as economic considerations were 
assessed for four sites, narrowed 
down from 70 sites that included 
public suggestions. An elaborate 
procedure of cost-benefit analysis was 
developed and applied. The crucial 
factor differentiating the final two 
site choices to which the analysis 
was reduced turned out to be costs, 
in time and transportation, of access 
by the passengers to the airport site. 
The difference in cost between the 
two sites came to some $700 million. 
This amount would provide the 
equivalent of 100 new hospitals in 
a nation where new hospitals are 
badly needed. 

The Wm of the People 

When the decision was announced, 

it was not unanimous. The dissenter 
was a prominent urban planner, Colin 
Buchanan, whose wife is a well- 
known conservationist. In a separate 
report, he took exception to the ma- 
jority choice of an inland area near 
the town of Cublington in Bucking- 
hamshire, principally because of the 
destruction of rural land and of old 
architectural gems which dot the area. 
He preferred the next contender, a 
site off the shore of the east coast of 
Essex bearing the unseemly name of 
Foulness. Conservationists and the 
residents of the Cublington region 
raised a public outcry. The result is 
that despite two years work by ac- 
knowledged specialists at considera- 
ble cost, the government finally de- 
cided against Cublington. Of course 
the outline I ha\e presented is ex- 
tremely simplified, but a point re- 
mains. This point is that one can 
.issemble experts with impeccable 
qualifications who use the most ad- 



vanced techniques to arrive at results 
which have proven to be logically 
unassailable, but nonetheless turn 
out to be against the will of the peo- 
ple as interpreted by the government. 

Yet even if its recommendations 
are to be ignored at least one siza- 
ble advantage was derived from the 
study. As a result of information 
uncovered during the hearings, re- 
visions were made of the estimated 
timing of the need which was ex- 
tended by a decade from original 
claims. At some $50 million annual 
savings because of this delay there is 
an impressive total saving of $300 
million. 

There are other examples. The 
great heart surgeon, Michael De- 
Bakey, was concerned about dissemi- 
nating medical dc\ clopmciits from 
the centers of learning and research 
to the outlying areas of Texas and 
the nation. A scheme bearing his 
name was supported for this purpose 
by the federal go\ernmcnt to the 
extent of $100 million annually. But 
local medical authorities had their 
own ideas about how the funds 
should be used. As long as close 
supervision was exercised, the funds 
were applied as intended, but this 
was not possible on a permanent ba- 
sis, and the program was finally 
subverted. 

These two examples bring up the 
question of collective choice: How 
do we know what groups, communi- 
ties or nations really want? And if 
this can be determined, is what they 
want really good for them? If not, 
how can they be persuaded so? We 
have relied upon and must continue 
to rely upon, the political process to 
serve these functions in a democratic 
society of informed and reasonably 
educated individuals. But we can 
improve the tools serving this pro- 
cess. 

In his remarkable film series en- 
titled "Civilization" the British art 
historian Sir Kenneth Clark tells of 
Leon Albert!, the quintessential Re- 
naissance man, as having said, in the 
serene confidence of the capabilities 
of his day, "A man can do all things 
if he will." Clark says this could be 
the motto of Alberti's age. I would 
ask: "Can it also be the motto of 
our own ? ' There is only one answer : 
It must be. 



Uopyiiyiiiuu inaioiiai 



Will India Go Nuclear? 



KRISH NANDA 



". . . Pressure on the governmeni of India to go nuclear can be 
expected to increase with increasing nuclear developments in China. . . . 
And the government's resistance to going nuclear may be expected to 
decrease in direct relation to increasing disunion with the ranks of the 
Congress party and to the 'vote-catching' potential of the nuclear issue." 
Krish IS'anda is assistant professor of political science at Loyola Uni- 
versity of Chicago. This study was supported by the South Asian 
Institute and the Bureau of Applied Social Research of Columbia Uni- 
versity and the Peace Research Institute, Oslo. 
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TcrlinologicHl contrasts in India. 



There are several reasons for be- 
ing interested in the issue of nuclear 
weapons per se and in how the de- 
cisionmakers of a near-nuclear power 
view the issue as it faces their coun- 
try. 

The nuclear question is crucial in 
itself because of its momentous conse- 
quences, not only for the inhabitants 
of India whose representatives' opin- 
ions will be analyzed below but for 
the inhabitants of this planet. The 
issue is significant because it can pro- 
vide a symbolic focal point for the 
fears and desires of the masses of a 
country whose elite suffered some- 
thing like a "personal humiliation" 
at the hands of another, growing nu- 
clear power. This issue is important 
because India is considered an nth 
country in the proliferation cycle, 
that is, if India goes nuclear there 
will follow almost inevitably a sort 
of "domino effect" or, what is called 
in economic development literature, 



a "spread effect." 

Until recently nuclear defense for 
India was a nonissue in Indian poli- 
tics. In government circles there was 
unanimity of opinion against nuclear 
armament. Among opposition par- 
ties, not a single one had declared it- 
self in favor of a nuclear weapons 
system, not even the sturdily nation- 
alistic Jan Sangh party. 

Today the nuclear policy question 
has become an important political 
issue. It has been periodically raised 
ever since the Chinese atomic blast 
in October 1964, and it is likely to 
stay alive. The main reasons for this 
prognosis are: (1) there has been 
persistent demand for a review of 
India's nuclear policy since China's 
nuclear demonstration; (2) relations 
with China have not improved and 
are likely to remain hostile under 
the present circumstances and the 
foreseeable future; (3) finally, the 
Indian public is not only not opposed 
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to a nuclear deterrent but positively 
favors it. 

How do India's members of parlia- 
ment view the bomb.'' To ascertain 
their opinions, a scientifically chosen 
representative sample of 119 was in- 
terviewed. The findings indicate that 
the elite stands transfixed: to be or 
not to be. 

Responding to the question of 
whether, taking everything into con- 
sideration, they thought it would be 
an advantage for India to have atomic 
weapons, the results were almost 
equally divided: 49 per cent were 
against and 47 per cent for India 
having a nuclear deterrent. The re- 
maining four per cent were unde- 
cided. 

There was an almost complete di- 
vision of opinion within the ruling 
Congress party (46 per cent for and 
49 per cent against, the rest unde- 
cided), followed by the right-wing 
Swatantra party (36 per cent for and 
55 per cent against). There was more 
or less a consensus of opinion among 
the respondents of the other parties: 
Jan Sangh along with the Left so- 
cialist parties (Praja Socialist Party 
and Samyukta Socialist Party) favor- 
ing the proposition and the Left com- 
munist parties (Communist Party of 
India and Communist Party, Marxist) 
against it. There is thus ideological 
criss-crossing on the issue. 

The majority feeling in the Swa- 
tantra party is against India having a 
New Delhi-based deterrent. While 
its members, in common with other 
pro-bomb lobbyists, fear Chinese in- 
tentions, they reason that it is useless 
to have a third-rate nuclear capacity 
to brandish against China. It is sug- 
gested that, economically, India can 
ill afford nuclear armaments: such 
a program is bound to result in a set- 
back to India's economic develop- 
ment. Also, to follow the nuclear 
path is to forsake "our sworn prin- 
ciples." 

On the last item, Swatantra and 
government party respondents are in 
agreement: a plurality in the latter 
also thinks that to go nuclear is to 
forswear Indian traditions and po- 
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litical heritage, from King Asoka to 
Ghandi. But gowrnment (that is, 
the plurality in the ruling Congress 

party) does not go along with the 
Swatantra party in its suggestion to 
negotiate for the American deterrent. 
Joint nuclear guarantee by the two 
superpowers is regarded as an impos- 
sibility by Swatantra respondents: 
Russia would not ally with the Unit- 
ed States to form a nuclear bloc 
against China. Also the two may dis- 
agree in the hour of India's need. 
The American umbrella is considered 
an effective deterrent against possi- 
ble Chinese bad intentions. "What 
China would then face is not partial 
loss or damage to which it may easily 
reconcile itself, but something more 
terrible which it would really fear," 
calculated a Swatantra respondent. 

The members of the government 
party feel that to accept U.S. nuclear 
protection is to compromise neutral- 
ity, which is crucial to Indi.i's politi- 
cal role of a mediator between East 
and West. For Swatantra members 
nonalignment has already lost mean- 
ing in the context of aggression 
against India by a communist power. 

The objections of the respondents 
of the ruling party to India going 
nuclear are similar to those of Swa- 
tantra respondents. They do not, 
however, opt for nuclear protection 
from the United States or the Soviets 
or both: their policy position is to 
eliminate the world stock of nuclear 
weapons. "That has been our posi- 
tion all along. . . . And that's our 
best defense," remarked a front- 
bench member of the Congress Par- 
liamentary party. 

India's defense needs are best 
served, according to the respondents 
of the ruling party, by conventional 
weapons, equipment for mountainous 
warfare and good soldiers. "What 
you need is good soldiers and we have 
them. The Chinese, too, fight fear- 
lessly and challenge everyone, includ- 
ing America and Russia, who have 
superior weapons but dare not annoy 
China. So it is not weapons, but 
men, that act as a meaningful deter- 
rent, my dear friend," concluded an 
informant. 

This "group" of respondents might 
as well have used Francis Bacon's 
words: "All this is but a sheep in 
a lion's mouth except the breed and 
disposition of the people be stout 
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and warlike." 

Such a policy position gains addi- 
tional meaning in the present context 
of feeling prevalent among all the 
elite respondents that if there is a 
confrontation with China, it will be 
of the conventional type. China, said 
an informant, will fight one of those 
"frontless" wars. Very low probabil- 
ity is assigned to a nuclear war in 
which only India and China might 
be involved. 

In common with the Government 
party, the elite respondents belong- 
ing to communist parties are against 
India's nuclear arming. They, too, 
would like to see India's scarce re- 
sources devoted entirely to the wel- 
fare of the poor. They agree with 
the government that there is no func- 
tional necessity for a nuclear deter- 
rent. Tliey expect no invasion from 
China. But whereas these informants 
read Chinese nuclear demonstrations 
as a challenge to the West and not 
really to India, the respondents from 
the ruling party do recognize that 
China's nuclear development has 
posed a big political challenge to In- 
dia and won China a lot of political 
and symbolic mileage. "Politically, 
our stock is low," admitted a former 
front-bencher. 

The two "right" groups, Jan Sangh 
and Swatantra, take opposite posi- 
tions on nuclear weapons, but both 
admit, in contrast with the commun- 
ists, that China could pose a nuclear 
threat to India. They differ, how- 
ever, in their strategy: Swatantra, as 
noted earlier, favors a foreign-based, 
American, deterrent; Jan Sangh pre- 
fers a home-based deterrent, arguing 
that a foreign-based deterrent is "a 
risk and a gamble." "There is no 
substitute for your own strength," 
advises a Jan Sangh leader. This is 
particularly so in the atomic age, 
where speed in defense is crucial. A 
country can "meaningfully" defend 
itself only if it has its own deterrent 
power: only then does it have the 
possibility to deter the potential ag- 
gressor from his offensi\ e intentions. 

In line with Jan Sangh respon- 
dents, the respondents from both so- 
cialist p.iiiics favor India going nu- 
clear. But there are differences of 
style and spirit between the former 
and the latter. As a policy object, 
the issue of nuclear weapons has high 
centrality for Jan Sangh respondents. 



They manifest intense and persistent 
interest in the matter which makes 
one think that the question has be- 
come for this party some sort of an 
idee fixe in the foreign policy sphere. 
Respondents from other pro-weapon 
parties differ in the sense that the 
issue does not elicit the same durabil- 
ity and salience of interest from them 
as it does from Jan Sangh members. 

What makes the issue central for 
Jan Sangh? Perhaps the answer lies 
in their aspirations for a strong, self- 
reliant India. To Jan Sangh, national 
independence and sovereignty is most 
clearly epitomized in national unity 
and territorial integrity. A strong 
defense is a matter of national ident- 
ification and pride: national security 
is the mainstay of national values. 
Self-dependence, self-defense and re- 
jection of foreign protection are ob- 
jects associated with the attainment 
of basic values; to the extent that 
they are construed as means to basic 
values, to the extent that they are tied 
to primary goal state, these objects 
take on the same centrality as the 
primary goals of national policy. 

Of course, the desire to build a 
strong, self-reliant India is common 
to all parties. But this desired goal 
has no immediate linkage with the 
nuclear weapons issue. Hence the 
issue lacks for them the goal utility 
which it has for Jan Sangh. 

Proponents and Opponents 

Both sides share the feeling that 
possession of the nuclear bomb has 
given China a decisive political (as 
opposed to military) advantage. The 
"status gap" between India and China 
is recogni^d and the desire to 
achieve status parity is evident. 

Those who oppose atomic weapons 
think that the way to gain influence 
and respect for India among the fam- 
ily of nations is to develop her eco- 
nomic and industrial potential. 
"Don't you know that Americans had 
their priorities straight: they had 
their economic revolution before 
thcv procccilcd to world politics. We, 
here, want to dabble in world politics 
without the economic wherewithal," 
lamented an antagonist of nuclear 
weapons for India. 

Moreover, there is practical intelli- 
gence. "We are a nonaligned and 
nonviolent nation. We will be 
neither if we develop nuclear war- 



heads. A successful use of nuclear 

weapons presumes embarking on i 
preventive war: that is, dropping a 
bomb before another drops on you. 
This we won't do. Never. No gov- 
ernment in India, Congress or non- 
Congress can dare to do that. So, 
why have a bomb?" 

Finally, if one must go in for atom- 
ic armaments, one has to do that on 
a large scale to be effective. "This 
we simply cannot do unless we are 
willing to starve ourselves, which 
means weaken ourselves by strength- 
ening India's nuclear capability." 
That is essentially the case that op- 
ponents of the bomb make. 

The proponents see no conflict be- 
tween solvency and security. They 
feel that even a semi-deterrent well 
within India's economic reach will 
serve the same purpose as a big nu- 
clear capability. It will create doubts 
in the minds of hostile neighbors. 
"It is uncertainty which is the essence 
of deterrence," was the way an advo- 
cate of Indian nuclear power ex- 
pressed it. India's image will he en- 
hanced. She would not need to 
match her nuclear capabilities with 
those of China; the mere possession 
of nuclear weapons has an "equaliz- 
ing effect." 

Defense antl development are not 
seen to be contradictory by the advo- 
cates of nuclear deterrent. The nu- 
clear program is regarded by many 
bomb lobbyists as having contributed 
to the prosperity of France. '"What 
we will do is to shift Indian economy 
from its lopsided consumer orienta- 
tion to emphasis on capital goods 
production. The political support of 
the Indian trade unions could be en- 
listed in this regard," suggested a 
respondent. 

Even if the aid-givers will be dis- 
pleased by India going nuclear, they 
would not sever economic and po- 
litical relations with India simply be- 
cause India decided to make the 
bomb. "By what possible moral argu- 
ment can an aid-giver condemn the 
other nations for acquiring things 
which they themselves have sought 
and got.'" dem.inded a respondent. 

Thus, nuclear weapons are seen .t^ 
primarily political weapons. This is 
conceded indirectly by the respon- 
dents from the government party, as 
well as by some other opponents of 
nuclear weapons, when they admit 



that China's basic purpose was to 

gain big-power status by breaking 
(he Western nuclear power monopo- 
ly. That she has been successful in 
her design is conceded — sometimes 
grudgingly by the government party. 
Both sides also think that technically 
the bomb is within India's reach. The 
urge to achieve parity in influence 
with China is also conunon. Both 
sides are on the same ground when 
they regard as exceedingly small the 
probability of an unconditional re- 
sponse by a possible "guarantor" 
against nuclear threat to India. The 
desire to keep the nuclear option 
open for India commands a broad 
consensus too. In fact, this attitude 
lay behind the package of arguments 
advanced by the government of India 
against becoming a party to the Non- 
Proliferation Treaty (NPT). 

The Future 

At present the distribution of opin- 
ion is such that there is much dis- 
agreement in the ruling party and 
mui.li disagreement among the oppo- 
sition parties. In other words, the 
"ins" and the "outs" are not arrayed 
against each Other. So w hile the is- 
sue or a bill embodying a precise 
nuclear program is likely to provoke 
much debate, it will not in all prob- 
ability polarize the political leader- 
ship. 

The data indicates that the Indian 
elite stands at the crossroads. The 
broad sentiment reflected is that of 
rueful support and genuine reluct- 
ance. However, pressure on the gov- 
ernment of India to go nuclear can 
be expected to increase with increas- 
ing nuclear developments in China; 
with any one or two or more coun- 
tries becoming nuclear; and, to a 
lesser extent, with "vertical" prolif- 
eration — the continuing manufac- 
ture of nuclear weapons by the nu- 
clear states. And the government's 
resistance to going nuclear may be 
expected to decrease in direct relation 
to increasing disunion within the 
ranks of the Congress party and to 
the vote-catching potential of the 
nuclear issue. 

But why, possibly, will India go 
nuclear if it goes at all? Those among 
the respondents (in the ruling and 
opposition parties alike) who are 
against India going nuclear are also 
against any nuclear protection from 
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abroad, by a majority of 82 per cent 
to 18 per cent. It would seem, there- 
fore, that a nuclear guarantee is not 
regarded as a substitute for a nuclear 
deterrent. Hence, if India decides to 
become a nuclear power, it would 
not be because no nuclear umbrella 
existed. That is irrelevant. If India 
mounts the nuclear horse, it will be 
in quest of rank, of lost standing in 
the family of nations. 

It is an axiom in social theory that 
an actor in a structurally differenti- 
ated system is likely to assess the pre- 
vailing distribution of power and 
take steps, in view of the possible 
vertical mobility, to alter that distri- 
bution in its favor and thereby en- 
hance its power-political rank. Two 
recent examples from current history 
in support of the theorem at the in- 
ternational level arc China and 
France. Both of them felt that their 
power share in the international sys- 
tem was clearly less than proportion- 
ate to their size and historical im- 
portance. And both of them have 
sought to alter that distribution of 
power. On the basis of support pro- 
vided by this theorem and historical 
evidence, it can be conjectured that 
if India goes nuclear it will not be 
for reasons of security but of status. 

This thesis acquires additional 
credence in view of India's refusal 
to be a part to the NPT. The govern- 
ment's whole case against the Treaty 
was centered on the "inequalities " 
that lay embedded under the skin of 
the Treaty and its "haves and have- 
nots" character. The data also indi- 
cated that the military value of the 
nuclear deterrent is considered sec- 
ondary because it is assumed that 
likelihood of actual use of nuclear 
weapons in a war is small in contrast 
to their regular use in diplomacy. 
China's accession to the atomic club 
is considered to have conferred on 
her an aura of triumph and sent her 
many notches up the intcrnation.il 
hierarchy while discquilibrating In- 
dia's status. As Professor Hans J. 
Morgenthau has said : "Nations, 
which as members of the internation- 
al society must in the main rely upon 
their own power for the protection 
of their existence and power position, 
can hardly neglect the effect that a 
gain or loss of prestige will have up- 
on their power position on the inter- 
national scene." 
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Genetic Engineering 



Man is on the verge of a biologi- 
cal revolution. Modern biology has 

opened a Pandora's Box of possibili- 
ties foi man to manipulate and con- 
trol his own development and the 
future evolution of his species. As 
Robert Sinsheimer of the California 
Institute of Technology has pointed 
out, "tlie possibility of genetic engi- 
neering is one of the most important 
concepts to arise in the history of 
mankind because, for the first time, 
a living creature understands its ori- 
gin and can undertake to design its 
own future." 

To understand the possibilities of 
genetic engineering three aspects of 
the problem must be considered : 
(1) the biological basis upon which 
the possibilities are founded, (2) the 
types of engineering being consid- 
ered and (3) the circumstances which 
might prompt the use of genetic en- 
gineering by man. 

The biological basis for genetic 
engineering began in the mid-nine- 
teenth century when the Austrian 
monk Gregor Mendel discovered 
that some sort of hereditary factors 
operated in a predictable fashion to 
determine the characteristics of an 
organism. Subsequently Mendel's 
factors were named "genes" and were 
shown to reside on the chromosomes 
in the nucleus of the cell, the struc- 
tural unit of living organisms. In 
1953 James Watson and Francis 
Crick launched the molecular phase 
of genetics with the proclamation 
that DNA (deoxyribonucleic acid) 
was the genetic material. DNA rep- 
resents the chemical thread of gene- 
tic continuity across the generation 
gaps. This macromolecule of nucleic 
acid is constructed of sugar, phos- 
phate and nitrogen base compounds 
bound together like a twisted ladder 
into the famous double helix. Four 
different nitrogen bases form the 



"Modem genetics is on the 

verge of some truly fantastic 
ways of 'improving' the human 
race, but . . . this techniced 
knoic-how does not automatical- 
ly bring with it the criteria for 
its use. This, I believe, is Ae 
most important fact that scien- 
tists and citizens alike must keep 
in mind as our technology pro- 
gresses." The author is a mem- 
ber of the department of zoology 
at Drew University, Madison, 
New Jersey. 



cross-rungs of the ladder, and it is 
the long sequences of these bases 
which make up the genetic code. 
Each protein and enzyme produced 
in our body is the product of a spe- 
cific code for its construction. If 
the code is slightly altered this may 
make the end product inactive, re- 
sulting in an alteration referred to 
as a mutation. A mutation, then, is 
a change in the genetic code. Changes 
in the genetic code brought about 
by irradiation, chemical compounds, 
including drugs, or physical altera- 
tion may produce an array of effects 
ranging from blue instead of brown 
eyes or attached rather than free ear 
lobes to severe genetic diseases such 
as PKU (phenylketonuria) or hemo- 
philia. Our understanding of gene 
structure and function is now de- 
tailed enougli so that goal-directed 
manipulation of the hereditary pro- 
cess has led man to the threshold of 
genetic engineering. 

Euphenic Measures 

Genetic engineering can be con- 
sidered to operate at two levels. The 
first is that of improvement or treat- 
ment of genetic defects for the bene- 
fit of the afflicted individual. Engi- 
neering at this level is called euphe- 
nics and consists mainly of correcting 
genetic deficiencies by supplying 
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some product which is lacking due 
to a malfunctioning gene. Supplying 
insLiIin to a person with diabetes 
mellitus is a euphenic measure. 
Treatment such as this only alleviates 
the symptoms for the indi\idual; it 
is not a cure. As a result, the afflicted 
person may still j\iss his genetic ab- 
normality on to his children. In 
fact, by saving the life of a person 
through treatment of a genetic dis- 
ease his subsequent reproduction 
then increases the frequency of that 
gene in the next generation. As 
medical science is able to treat more 
and more genetic defects the fre- 
quency of those defects will increase 
in future generations. A compound- 
ing of this phenomenon is what leads 
many geneticists to worry about the 
gradual genetic deterioration of man. 
In fact, it has been estimated that, 
at our current rate of medical ad- 
vancement in the treatment of gene- 
tic defects, within five to ten genera- 
tions (75 to 150 years) one out of 
every ten children born will have 
a serious defect of one kind or an- 
other making them dependent on 
medical technology for their exis- 
tence. This presents another serious 
pollution problem for man to wres- 
tle with — the pollution of his gene 
pool. 

Nevertheless, much current re- 
search is aimed at more sophisticated 
and effective euphenic measures. 
Taking diabetes mellitus as our ex- 
ample again, the genetic defect is a 
deficiency in the production of in- 
sulin by the pancreas gland; hence, 
a treatment much more effective 
than daily injections of insulin would 
be to put operative genes for making 
insulin into the pancreas and have 
normal production restored. Let us 
see what this would entail. 

It would first require identifica- 
tion of the exact structure of the 
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ioailin molecule, which is a pro- 
teinaceous hormone — a gene prod- 
uct. This has already been done. 
Next we would have to know the 
genetic code words for each compo- 
nent of the molecule; the code has 
been deciphered and the genetic dic- 
tionary is complete. Next we would 
have to be able to synthesize a seg- 
ment of DNA representing the spe- 
cific genetic code for the insulin 
molecule. Man-made DNA has be- 
come a reality, although refinement 
of the technique is needed before a 
specified gene can be artificially syn- 
thesized. Alternatively, the tech- 
nique for isolating a specific gene 
from simple organisms such as bac- 
teria opens the possibility of select- 
ing a "ready made" gene with the 
desired function. In either case the 
specified gene will ultimately have 
to be put into the cells of the pan- 
creas where the production of in- 
sulin occurs. A mechanism for ac- 
complishing this step exists and cur- 
rent research is aimed at "domesti- 
cating" the process for human use. 
The mechanism is viral infection. 
When a virus attacks a host cell and 
reproduces itself, sometimes genctit. 
material from the host gets incor- 
porated into the newly produced vi- 
ruses; then when they attack another 
host cell the genetic material from 
one is transferred to another. This 
mechanism is called transduction. The 
objective is to evolve a nonpathogenic 
viral strain which can transduce se- 
lected man-made or isolated genes 
into specific cells, such as those of 
the pancreas. There they would then 
take up their normal function — in 
our example insulin production. 

Viral Transduction 

This final step, which makes the 
whole scheme operative, is now close 
at hand. The feasibility of viral 
transduction became apparent in the 
mid 1960s when some researchers at 
the Oak Ridge National Laboratories 
in Tennessee accidently provided the 
critical evidence. During their an- 
nual physical examinations it was dis- 
covered that they had an abnormally 
high level of an enzyme called argi- 
nase in their blood stream. Further 
investigation revealed that all these 
individuals had been doing research 
on a rabbit virus, and it was con- 
cluded that they had been infected 
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by the virus, which had transferred 
into the researchers some of its DNA 
containing the genetic code instruc- 
tions for a cell to make arginase. 
Arginase is an enzyme normally 
found in man, that is, we have a hu- 
man gene responsible for supplying 
this enzyme to our body. Defective 
forms of the human arginase gene 
cause a genetic disease which is char- 
acterized by a lack of arginase in the 
blood and severe mental retardation. 
Thus, it seems plausible that the 
rabbit virus injected into humans 
lacking arginase might be able to 
provide the gene needed for making 
the enzyme, thereby preventing the 
mental retardation. Just recently two 
little girls in West Germany suffer- 
ing from arginase deficiency were 
infected with the rabbit virus from 
Oak Ridge in an attempt to correct 
their defect — the results are still 
pending. A virus with the requisite 
DNA for insulin (naturally occur- 
ring or man-made) should be able 
to treat diabetes in a similar way. 

The New Eugenics 

The second level at which genetic 

cnginttring is aimed is that of the 
general improvement of the genetic 
make-up of the human race as a 
w^hole. This is the popuiational level 
and may be considered as the new 
eugenics, that is, the modern ap- 
proach to selective breeding in man. 
Modern genetics is on the verge of 
some truly fantastic ways of "improv- 
ing" the human race, but let me 
emphasize at the onset that this tech- 
nical know-how does not automatic- 
ally bring with it the criteria for its 
use. I his, 1 believe, is the most im- 
portant fact that scientists and citi- 
zens alike must keep in mind as our 
technology progresses. It may be 
true that man has tremendous gene- 
tic potential for significant improve- 
ment, but in what direction? It is 
tempting to point to the great suc- 
cess animal breeders have had in "im- 
pro\ ing ' their stocks and say that 
the same can be done in man, but 
we must remember that animal breed- 
ing w as successful only because the 
breeders had a Platonic "idea!" and 
selected ruthlessly for uniformity to 
achieve it. It seems certain that the 
improvement of man does not lie 
in some simple uniform ideal analo- 
gous to the ideal dairy cow with her 



'opulent udder." There probably are 

human characteristics, such as mental 
ability and overall achievement, with 
complex genetic bases for which im- 
provement would be desirable. But 
it is important to recall that a person 
must live his whole life before any 
meaningful value judgment can be 
attempted for such nebulous charac- 
teristics. Modern genetic engineer- 
ing techniques make it possible to 
wait for the final judgment of a per- 
son's character before selective breed- 
ing is done. 

Let us consider some of the tech- 
niques that are at the forefront of 
current research. The first is arti- 
ficial insemination, where sperm cells 
are implanted into a female at ovu- 
lation to fertilize her egg cell. This 
method is in practice now, and for 
the last five years at least 10,000 
babies per year have been produced 
in the United States in this manner. 
This practice at present is not con- 
trolled and no goals other than baby 
production seem to be operating. 
The donor sperm comes mainly from 
the husband involved or from do- 
nors (commonly medical students or 
interns) who do not necessarily con- 
form to most people's concept of the 
"ideal" human male. To control 
this technique the sperm can he fro- 
zen just as it is now for cattle breed- 
ing. Full term normal births have 
already been reported resulting from 
human sperm frozen as long as two 
years. An extension of these freez- 
ing techniques would make it possi- 
ble to wait until a donor established 
his value to society through his life 
accomplishments before his sperm 
was used to "father" any children. 
Hence, selected sperm from "proven" 
males could be used to fertilize eggs 
to produce future generations with 
the expectation that genetic improve- 
ment would result. 

Prenatal Adoption 

To complement this, artificial in- 
ovulation is now a reality. Here eggs 
are flushed from the o\iduct of a 
selected female, fertilized by selected 
donor sperm and implanted into the 
receptive womb of another female. 
This "proxy" mother then incubates 
the selected embryo in the normal 
fashion, producing a child with a 
greater probability for genetic su- 
periority than would be expected by 
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random breeding. This has been 

called prenatal adoption. An exten- 
sion ot this would be to fertilize a 
selected egg — which could also 
come from a frozen stock of a mother 
of proven value — with selected 
sperm in a test tube. During the 
early test tube development of the 
embryo genetic tests could be con- 
ducted to determine its sex and other 
traits. After passing these tests the 
embryo would be implanted into a 
proxy mother to complete incuba- 
tion. After birth, the child's legal 
parents would be responsible for pro- 
viding an environment conducive to 
the attainment of maximal genetic 
potential. The legal mother may or 
may not have served as the proxy 
mother. To this end, the birth certifi- 
cate of the future has been envisioned 
as having as many as five parents: 
the legal father and mother, who 
raise the child; the proxy mother, 
who incubated the child; and the 
biological father and mother, who 
contributed the genetic material to 
the child. 

Cloning Man 

Another quite different technique 
with which significant progress has 
been made in recent years involves 
asexual reproduction. This is essen- 
tially reproduction without eggs and 
sperms. The plucking of a leaf from 
an African violet to root and estab- 
lish an entirely new plant in a sepa- 
rate pot is an example of asexuality. 
The significant feature of this mode 
of reproduction is that all the off- 
Spring formed are identical in genet- 
ic make-up to their single parent. 
Botanists use the word clone to de- 
scribe the offspring of asexually re- 
producing plants. Now geneticists 
are considering the possibility of 
cloning man, that is, producing hu- 
man offspring from cells of human 
tissue (somewhat analogous to pluck- 
ing the leaf from an African violet) 
rather than through the fertilization 
of an egg by a sperm. 

In this way the random assortment 
and recombination of the genetic ma- 
terial (the chromosomes) which oc- 
curs in sexual reproduction, even 
among selected eggs and sperms, is 
by-passed. As a result, once a person 
has distinguished himself as desirable 
to society his genetic endowment can 



be replicated by cloning. This would 
probably be done by culturing cells 
of the selected individual in a test 
tube until embryonic development is 
initiated and then implanting the 
embryo into the womb of a proxy 
mother to complete development. 
Since the chromosomes in the nucleus 
of every cell of the body contain the 
total genetic information which, in 
the fertilized egg, produced the in- 
dividual in question, the objective of 
cloning is to maintain that "good" 
genetic complement intact by pro- 
ducing new individuals genetically 
identical to the selected parent. This 
technique also allows for evaluation 
after the life of the donor has been 
completed, in that tissue cultures can 
be established and even after death 
their genetic complement can be ob- 
tained from the culture. 

Cloning is not a simple procedure. 
The problem is that when a complex 
organism develops and its cells spe- 
cialize they lose the capacity to un- 
dergo the whole cycle of develop- 
ment again even though the total 
genetic material is still there; this is 
also the reason why man cannot re- 
place complex body organs by re- 
generation. The trick is to unlock 
the control mechanism which turns 
off the genetic material in specialized 
cells and turn it on again to accom- 
plish the development of a new in- 
di\idual. Serious consideration has 
been given to cloning since 1963 
when F. C. Steward of Cornell Uni- 
versity grew an entirely new carrot 
plant from a root cell. More recently, 
success was accomplished with com- 
plex animal tissue when J. B. Gurdon 
of Oxford University produced tad- 
poles and adults from the genetic 
material of a single adult frog in- 
testinal cell. Research is progressing 
rapidly in this area and by the twen- 
ty-first century this technique will 
probably be applicable to man. The 
questions then will be, of whom do 
we make copies, how many copies of 
selected individuals do we need, and 
who is going to make the decisions? 




Another research thrust of genetic 
engineering is the formation of hy- 
brid cells. These cells are a combina- 
tion of human genetic material with 
that of another animal species. 
Joshua Lederberg, Nobel prize laure- 
ate of Stanford University, has stated 
his belief that the day will come 
when man will be able to produce 
organisms consisting o£ man-animal 
mixtures of varying proportions. 
This, he says, could create a unique 
labor force or a ready supply of or- 
gans for transplantation into humans. 

As the final aspect of human 
genetic engineering 1 would like tO 
consider briefly the circumstances 
which might prompt the use of some 
of the techniques described above. 
The human population is exploding 
and sooner or later its unrestricted 
growth will have to be controlled if 
our species is to maintain or improve 
its cultural standards. Once birth 
control is established and the popu- 
lation size restricted, it will be very 
advantageous to have the highest 
quality possible among the individ- 
uals making up the population. 

It is logical to assume that if meth- 
ods to produce genetically superior 
individuals are available, and they 
certainly will be by the time man 
learns that he has to control his 
population size, they will be used. In 
the meantime, we must remember 
that man is not a product of genetics 
alone; his genes must act in some 
sort of environment. The more con- 
ducive to human development that 
environment is, the greater will be 
the degree to which all men will 
realize their genetic potential. Hence, 
what we can do right now to improve 
the human race is to provide the best 
environment possible. Once heredity 
has done its part, it is our responsi- 
bility as individuals and as a society 
to provide a proper environment. 
The technology and resources for 
this type of human improvement, 
called euthenics, are at hand today. 
Man has only to do it and it can be 
done. 
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JOEL DARMSTADTER 



GNP Does Matter 



The suddenly hcighteneti preoccu- 
pation with the quality of life threat- 
ens with extinction a concept which, 
in my view, has not yet outlived its 
usefulness. I refer to gross national 
product — GNP — a statistical meas- 
ure of society's production or con- 
sumption of all marketable goods 
and services. 

The unquestionably legitimate in- 
sistence on broadening the standards 
of economic performance to include 
environmental and social aspirations 
frequently tends, nevertheless, to 
overreach itself quite unreasonably. 
To be specific, it has become fash- 
ionable in much of the current de- 
bate over environmental degradation 
to scoff at a rising GNP. A not un- 
common tactic is to ascribe the straw 
man of "GNP worship" to hide- 
bound economic policymakers and a 
misguided public and then to knock 
it down, a maneuver easily accom- 
plished, given the fragile premise. 
Hence, a measured annual economic 
growth rate of. say. four per cent 
(the U. S. average for the past dec- 
ade) is said to confer merely an il- 
lusory sense of progress, when ac- 
companied by the demonstrable 
worsening in the quality of the phys- 
ical and social environment which 
has occurred in the nation. 

Take, for example, economist Rob- 
ert Heilbroner's vision for the next 
decade as one which "will see an 
end to the worship of economic 
growth for its own sake. People 
will see the hoUowness of numbers 
that show no real improvement in 
the quality of living" Or VC'assilv 
Leontief's indictment of the ' Key- 
nesians [who] thought that if you 
just produced enough, everything 
would be all right. ' More carping 
comes from Kenneth Boulding. The 
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An increasing awareness of 
environmental problems, and an 
attribution of blame for them 
to American economic policies, 
has led to a fashionable scof- 
fing at "GNP worship" But 
correctly rcv^arded, GNP is neu- 
tral and a useful economic tool. 
Attacking it can become a case 
of lilting at udndmiUs — o pur- 
suit that is at best useless, and 
at worst harmful in that it 
serves to obscure real issues. 
Economist Joel Darmstadter is 
senior research associate with 
Resources for the Future, Inc. 



very title of a recent article — quick- 
ly borne out by the sniping that fol- 
lows — sets the mood: "Fun and 
Games with the Gross National Prod- 
uct — The Role of Misleading In- 
dicators in Social Policy." And ac- 
cording to the thesis advanced in 
E. J. Mishan's recent book, "Tech- 
nology and Growth: The Price We 
Pay," an "overdeveloped" society, 
such as the United States, in failing 
to abandon the application to innova- 
tion and technology of traditional 
criteria of economic efficiency 
(which are unresponsive to external 
quality), is bound to record growth 
rates that, under any rational scheme, 
become progressively more and more 
meaningless. Somehow, one gets the 
impression from all this that, up 
until the awareness of the eutrophi- 
cation problem in Lake Erie, we were 
all engaged in one vast saturnalia. 

I cannot refute either the fact of 
the GNP growth rate, which is a 
matter of historical record, or the 
fact of qualitative neglect, which is 
a matter of sight, smell, sound and 
disheartening stories in the daily 
newspaper. (The conjunction of the 



two trends, of course, doesn't estab- 
lish causality.) in filing this brief 
on behalf of GNP, I want merely to 
sort out some underlying points 
which may help provide a clearer, 
and less emotional, understanding of 
the central issues. 

Let us, first of all, note that GNP 
is not claimed by its Commerce De- 
partment estimators to insure happi- 
ness or even satisfaction; it's not sup- 
posed to. Still, GNP does represent 
the wherewithal, whether it is now 
so deployed or not, for securing 
many things viewed as enriching 
one's chosen way of life — be they 
food and housing, chamber music 
concerts, national park visits, waist- 
line manipulators and, not least, psy- 
chiatric services to find out why 
higher income isn't buying happiness. 
As voters and taxpayers, we can also 
elect — or be persuaded — to fore- 
go those things or additions thereto 
in favor of collective goods such as 
more public school capacity, sewage 
treatment plants and more defense 
spending. It's all in the GNP. Just 
remember, however, that GNP is 
"neutral" as to the degree of utility, 
disutility or diminished disutility 
which different persons see in its 
constituent parts. Many people 
would agree that expenditures asso- 
ciated with the first 3,000 calories 
of daily food intake are useful. For 
most adults, anything over 5,000 
would be useless, if not positively 
harmful. The purchase of accident 
insurance policies illustrates the third 
category mentioned : inherently 
worthless in improving current liv- 
ing standards, they do protect us 
against the disutility of a potential 
disaster — dismemberment. 

Incidentally, many who feel them- 
selves enslaved to the GNP treadmill 
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can elect to trade off more material 
goods in return for more leisure 
time in which to contemplate the 
folly of their toiling fellow citizens. 
As it happens, most people exercise 
this option only sparingly: that is, 
people seem to prefer higher in- 
comes to fewer working hours, 
laborers moonlighting as taxi drivers, 
university professors doubling as in- 
dustrial consultants — you name it. 

But even allowing for the inde- 
terminacy of welfare inherent in 
GNP, and conceding that aggregate 
GNP masks distributive shortcom- 
ings, I believe that to dismiss a rise 
in real (that is, price-adjusted) GNP 
as a serviceable, if insufficient, proxy 
for enhanced living standards is to 
display a mixture of arrogance and 
mischief. 

A Pointless Indictment 

Is it possible that the "hollowness" 
of incremental income is more apt 
to occur to a person with a salary 
well into five figures than to one 
who at S5,000 per year is still striv- 
ing to provide basic necessities of 
food, clothing and housing? If you 
happened to have been among the 
nearly five million Americans who 
were unemployed in I96I (800,000 
of them for at least half a year), 
there was nothing ill-advised about 
policies that sought urgently to re- 
verse the economic stagnation which 
had characterized much of the pre- 
ceding decade. Does it make sense 
to persuade the nearly five mil- 
lion (or 10 per cent) of American 
families with average family income 
still below $3,000 that prospective 
growth of, say, four per cent in GNP 
(around three per cent on a per 
family basis) would no more con- 
tribute to an improvement in their 
status than would zero growth? Is 
it reasonable to deny the progress 
implicit in the upward movement of 
median family income from $7,000 
in 1960 to $9,430 in 1969? (The 
figures refer to dollars approximat- 
ing constant 1969 purchasing pow- 
er.) That the statistically indicated 
improvement has failed, perhaps, to 
suppress an even faster rise in expec- 
tations, which some may presume to 
have given rise to social unrest, or 
that it has failed substantially to alter 
the shape of the income-distribution 
curve in America, all groups having 



moved up to higher income classes, 
may or may not reflect imperfections 
in the welfare implications of our 
social and economic system. But to 
lay such a finding at the doorstep 
of GNP measurement is quite a 
pointless indictment. 

Criticisms of GDiP 

The most pressing criticism of 
GNP — one of much prevalence - 
is that it is an indicator which some- 
how ignores the unmeasured, social 
(or "external") costs of producing 
and consuming the country's physi- 
cal output. Raw sewage spilling in- 
to rivers, junk littering the country- 
side, noxious emissions from indus- 
try and transport, screeching jet air- 
craft, urban decay and many other 
forms of environmental degradation 
are said to be destructive counter- 
parts, and therefore negative offsets, 
to measured production and con- 
sumption. All this is quite apart 
from their hazards to public health 
and even, in some cases, life sup- 
port systems. Even when preventive 
or ameliorative measures are taken 



— as when wastes are recycled — the 
GNP critics frequently demur. In 
their view, a social accounting sys- 
tem which sums the value of eco- 
nomic activity that pollutes, on the 
one hand, to the cost of necessary 
treatment or abatement, on the other, 
betrays the ultimate absurdity. But 
here the critics ignore numerous oth- 
er "plus" and "minus" spending 
items in the GNP: for example, ex- 
cessive dietary indulgence versus re- 
ducing plans; or skiing vacations ver- 
sus orthopedic treatment. It is also 
sometimes suggested, rather ambigu- 
ously, that allowance for polluting 
activities might yield a quantifiably 
"true" GNP growth rate below the 
rate actually measured — possibly 
to contrast our past profligacy of 
"free" goods like air and water with 
the charges which we will incur for 
their use in the future. 

There is in all these viewpoints 
the implication that GNP growth 
and environmental quality are mu- 
tually exclusive objectives which 
need to be balanced off against each 
other. Other things being equal. 




"General Electrir 5fi — down 2; (Jenerul motors 58 — down 1; 
Gould Battery . . ." 
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while fast GNP growth is no doubt 

more of a threat to environmental 
purity than slow growth, it obviously 
does not thereby follow that growth 
retardation is necessary to improve 
the quality of life. Japan's phenome- 
nal post-World War II GNP growth 
rate seems to have been achieved 
with remarkable disregard to mount- 
ing problems of air and water pollu- 
tion. By contrast, India's growth 
rate has clearly not been held down 
to its much more modest level in 
the interests of the country's environ- 
mental quality which, in some re- 
spects, is perhaps worse. 

There is no reason why a diver- 
sion of resources from the produc- 
tion of frills to the production of, 
say, sewage-treatment facilities nec- 
essarily involves a retardation of 
GNP growth. Nor is there any reas- 
on to suppose that, short of such 
a redirection in the components of 
GNP, it would make much of a 
difference to the quality of life 
whether we grew at four or at three 
per cent per annum. (It is worth not- 
ing that, in the face of rising produc- 
tivity, a halt to population growth 

— frecpiently viewed as the chief 
agent in environmental deterioration 

— would still mean GNP growth of 
perhaps two per cent per year.) In- 
deed, even a zero rate of growth in 
GNP holds no assurance that a cu- 
mulative despoliation of the envi- 
ronment will not upset the balance 
between economic activity and the 
ecological system which we seek to 
preserve. 

It is debatable whether an all- 
encompassing GNP measure can be 
perfected which would bring these 
issues into the desired degree of per- 
spective; a quantitative adjustment 
incorporating the different forms of 
environmental damage or numerous 
other undesirable or, for that matter, 
desirable consequences of economic 
behavior (GNP is neutral, as we 
noted earlier) seems like a tall sta- 
tistical order. I do not deny that, 
as a result of our pattern of national 
consumption, we incur visible and 
invisible unpaid, though still real, 
costs — possibly of enormous mag- 
nitude. But even if, say, the fish 
kill of a river polluted by industrial 
effluents deprives fishermen (and 
the nation) of a determinable amount 
of net income, an operationally feas- 
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ible means by which to make some 

corresponding change in GNP is not 
in sight, although I do not suggest 
that efforts to construct such a de- 
vice may not some day succeed. 

Analogous to our inattention to 
what is happening to the environ- 
ment, failure to divert more funds 
to education, investment, public 
transport or other sectors of the 
economy can have similar, though 
equally "unadjustable" effects, the 
more so when psychic or aesthetic 
values are involved. Proposals by 
economists that environmental dam- 
age to nonmarket assets (physical as 
well as aesthetic) be treated akin to 
depreciation of business capital as- 
sets have so far failed to grapple with 
enormous problems of concept and 
measurement. 

Exploring Directions 

All this is not intended to down- 
grade the importance of speculating 

on, and analyzing, the direction 
which such reallocation of national 
resources might take and the way it 

would interact with the growth of 
the nationwide economy. On the 
contrary, I believe it is important to 
explore alternative degrees to which 
our patterns of consumption might 
suitably be redirected to achieve spe- 
cified aesthetic or physical objectives, 
such as clean water, improved health, 
better housing and so on. This need 
not be a sterile exercise if it helps 
indicate the amount of "give" there 
is within our present economic mix, 
to achieve defined goals. 

From a more narrow accounting 
standpoint, the government's na- 
tional income estimators could also 
make a useful contribution by de- 
tailing much more specifically than 
is now the case those activities with- 
in the GNP that are particularly in- 
jurious to environmental quality. 
Such a task probably could not avoid 
some value judgments, and it might 
require the assistance of scientific 
experts who would go on ("outside" 
the GNP accounts) to "cost out" 
alternative ways of meeting the en- 
\ ironmental damage. Since GNP re- 
fers to final output, input-output 
analysis, focusing on the intermediate 
product content of GNP, could also 
be of great assistance. But since what 
I suggest here is a matter of reclas- 



sifying and dissecting rather than re- 
calculating the GNP, the integrity 
of the latter measure would remain 
intact. 

It is not my intention to dispose 
too cavalierly of measurement issues 
which may arise from concern with 
environmental issues even in conven- 
tional GNP accounting. To name 
only one such problem, adjustment 
for price changes so as to yield 
changes in the value of "real" GNP 
poses technical difficulties. Assume, 
for example, that resources arc di- 
verted into electric-power production 
in order to limit sulfur emission and 
thermal discharge. Embodiment of 
new desulfurization processes and 
cooling-tower equipment may raise 
the price of electric power (by up to 
25 per cent, according to some esti- 
mates) even though the final prod- 
uct, electricity, remains, to all ap- 
pearances, unchanged in quality. 
After all, a kilowatt is a kilowatt. Is 
the real value of electricity output 
unchanged? If so, a decline in real 
output in the area from which pro- 
ductive resources are diverted may 
mean that overall real GNP is down 
— a perverse result. In addition, 
there are persistent controversies in 
social accounting which may have 
particular relevance to environmental 
quality: for example, treatment of 
depreciation, depletion, appreciation 
and imputed income (as from parks 
and open land). Clearly, serious con- 
ceptual matters remain to be wres- 
tled with. 

In conclusion, and without bela- 
boring the obvious, I submit that 
there is no use condemning GNP 
for failing to possess attributes that 
mirror defects in our society. It is 
primarily an economic, and not a so- 
cial, indicator. While admittedly lim- 
ited in scope, GNP nontheless con- 
stitutes one important and, in my 
judgment, faithful aggregate measure 
of America's record and level of eco- 
nomic adiievement. It should be 
neither extolled as the ultimate meas- 
ure of man's glory nor abused as su- 
perficial and meaningless. Instead, 
thoughtful analysis would use the 
GNP as one tool, among others, in 
assessing the nation's capacity to re- 
allocate its resources so as to dimin- 
ish the very deficiencies in our life 
which the emphasis on GNP is pres- 
ently alleged to obscure. 
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Getting Aboard Viking: 
No Room on the Mars Lander 



On Saturday, November 13, Mariner 9 encountered Mars. This was 
the latest American attempt to explore another planet. Mariner 9 was 
loaded with instruments to map the surface for future touchdown sites 
and record data for clues to the possibility of life on the red planet. 
The next Mars investigation is planned for 1975 when two Viking 
spacecraft are due to he launched to the planet with landing capsules. 
Already scheduled aboard the Viking landers are instruments designed 
primarily to seek evidence of life. However, there is another aspect of 
interplanetary exploration that may not be carried out on the first 
soft landing as illustrated in the following report. 



Anthony Turkevich whose team 
of researchers built the first moon 
soil analyzer for Project Surveyor is 
hoping to put another little gold box 
on the first American Mars landing 
probe in 1975. "I'm trying to get 
aboard," said Turkevich, professor 
of chemistry at the Enrico Fermi In- 
stitute for Nuclear Studies at the 
University of Chicago. So far he 
hasn't been successful. The focus of 
the scheduled Viking payloads is on 
life detection experiments. 

Wearing a string tie and blue- 
checked sports shirt, Turkevich ex- 
hibits the relaxed air of a Colorado 
vacationer rather than the intensity 
one might expect of a scientist work- 
ing on a highly sophisticated inter- 
planetary instrument. Turkevich's 
box, which is about three inches per 
side, is capable of recording the most 
abundant chemical elements in soil 
and transmitting the data back to 



Earth by radio. First used on Sur- 
veyor 5, a moon landing probe, it 
relayed to earthbound scientists the 
first chemical analysis of the lunar 
soil. Later analyses of soil samples 
from the Apollo 11 mission general- 
ly confirmed the box's findings. 

Hidden in a maze of underground 
rooms in the block-long Fermi Insti- 
tute is Turkevich's laboratory where 
work is continuing on the analyzer. 
A duplicate of the box that traveled 
to the moon is located under glass 
on one counter. Originally sealed for 
flight, the shiny gold box now stands 
like a trophy in the small work room. 
A mirror placed in the bottom of the 
container reflects the inner mechan- 
ism of the box as it would be posi- 
tioned above the soil of a planet. 

The analyzer was designed and 
built at the University of Chicago 
under the direction of Turkevich, 
James H. Patterson of Argonne Na- 
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tional Laboratory, Argonne, 111., and 
Ernest Franzgrote of NASA's Jet 
Propulsion Laboratory, Pasadena, 
Calif. Turkevich recalls that Nobel 
laureate Harold C. Urey "inspired 
us to think of new ways of doing 
chemical analysis." 

The theory behind the box is Lord 
Rutherford's alpha-particle scatter- 
ing principle. Alpha particles (the 
doubly-charged nuclei of helium) 
from capsules of curium-242 are 
emitted from the instrument to bom- 
bard soil samples. When a particle 
hits the nucleus of an atom, it 
bounces back to the box. Sensitive 
detectors in the base of the instru- 
ment record the energy of the return- 
ing alpha particles and relay the mes- 
sage back to Earth. From this scien- 
tists are able to determine the compo- 
sition of soil samples from afar. 

The little gold box gave man his 
first glimpse of the geochemistry of 
the moon in 1967 when it was a pas- 
senger on Surveyor 5. "We were the 
first to show the moon must have 
had a chemical history," Turkevich 
said. "Before Surveyor 5 some peo- 
ple thought the moon was just an 
agglomeration of primordial ma- 
terial, solar system material, the 
same kind of material that makes up 
some of the meteorites . . . but we 
were able to show quite definitely 
that this isn't so, that is, the moon 
had a history in which chemical dif- 
ferentiation occurred." 

Another important insight into 
the moon's composition was the an- 
alyses from the highland area, since 
the highlands make up approximate- 
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ly 80 per cent of the moon's surface. 
As the Chicago scientist said: 

They're very interesting in that 
the highland samples had appreci- 
ably less iron and titanium in them 
than the mare samples, and also 
more' aluminum and calcium. We 
think, for example, this explains 
why the highlands are highlands. 
Second, why they're bright in ap- 
pearance. . . . They're highlands 
because . . . the density of the 
material here is less than the mare 
material. So they're like icebergs 
floating on a denser material, and 
they stick up. They're brighter be- 
cause elements like titanium and 
iron make rocks dark, and since this 
material has less iron and titanium 
it is therefore brighter. 

For the Viking lander project, the 
gold box has been adapted to condi- 
tions different from those on the 
moon. The Mars box is smaller, 
lighter and more compact than the 
lunar one. A shutter that fits over 
the capsules of curium has been 
added to prevent radiation from es- 
caping during the long voyage or in- 
terfering with ground radiation 
measurements after the landing. 

Gold plating which was used on 
Surveyor to prevent overheating in 
the hot lunar sunshine is not needed 
on Mars where temperatures are not 
believed to be so extreme. Also, ac- 
cording to present blueprints, the in- 
strument will not be exposed to the 
outside. Instead, a mechanical sam- 
ple collector will go outside the craft, 
pick up soil, pulverize it and present 
it to the analyzer stationed inside. 

It is expected that the box will 
not be affected by pre-flight sterili- 
zation at a high temperature. 



In addition to analyzing the sur- 
face material on the red planet, the 
instrument has been adapted to de- 
tect the density and composition of 
the atmosphere. For example, it 
should be able to detect the presence 
of one per cent nitrogen in the car- 
bon dioxide atmosphere of Mars. 

The pre-prototype analyzer is 
tucked away in a solidly-built grey 
chamber in which the Mars atmos- 
phere has been simulated. "It seems 
to be working pretty well." Would 
it be ready to go tomorrow.' "In 
terms of the geography of our in- 
strument, we would be willing to fly 
with that particular instrument, but 
it hasn't actually been packaged. And 
we don't know exactly what would 
be the constraints of the spacecraft," 
Turkevich said. 

But right now the box isn't sched- 
uled to be in the maiden Viking 
payload. "I think the people who 
defined the payload claim that it was 
meant to be a biologically-oriented 
mission to study whether there's any 
chance of life on Mars," Turkevich 
explained. "But there are known 
nonbiological instruments aboard." 

NASA's Office of Space Science 
and Applications confirms this. 
Scheduled in addition to the bio- 
logical instruments are two color 
video cameras, a seismograph, mag- 
nets and a soil manipulator. Other 
instruments will test molecular, at- 
mospheric and meteorological condi- 
tions. 

If the gold box doesn't make the 
trip, Turkevich feels it will be a 
mistake. 

Sally Jacobsen 
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SAKHAROV 

(Continued from page 6) 

about the drift of events, are never- 
theless unable to join forces with 
the New Left because of their sense 
that the passions and dcmagoguery 
it indulges and condones are likely 
to become worse evils than the er- 
rors and abuses it derided and de- 
cries. 

The 1968 Sakharov manuscript is 
truly remarkable for many reasons. 
First, it offers a deep study of the 
main international problems — world 
peace, the arms race, economic de- 
velopment, education, and popula- 
tion. Second, it outlines a plan and 
a timetable for coping with these 
problems through the joint efforts 
of the most wealthy and technologi- 
cally advanced nations — particularly 
the United States and the Soviet 
Union. Third, but only in passing, 
it offers a rich contribution to what 
we may call "Sovietology" or even 
"Kremlinology, ' providing much 
data on the Stalin purges and other 
developments that were not other- 
wise known, at least to me. Fourth, 
it suggests some interesting ways of 
comparing the economic develop- 
ment in the United States and the 
Soviet Union, showing that Russia 
is overtaking America in the pro- 
duction of some commodities no 
longer vital in large cjuantities to 
a modern nation, while the United 
States is surging ahead in electronics 
and other domains of the present 
and future. In this connection Sakha- 
rov also speculates on the cost of a 
revolution in the United States, 
showing that the resources consumed 
by the upper classes are small com- 
pared to the annual growth rate 
that would be interrupted if wide- 
spread revolution went on for sev- 
eral years. 

Following publication of the Sak- 
harov manuscript in the West, ru- 
mors developed that the Soviet physi- 
cist had fallen from official favor 
and perhaps that he had been ex- 
pellee! from the Academy of Sci- 
ences. It appears, however, that he 
stopped doing work on classified 
military projects some tirne before 
writing the manuscript, and that al- 
though he may have left some of his 



earlier positions, he remains a mem- 
ber of the Academy and a member 
at the Lebedev Institute of Physics 
in Moscow. Expulsion from the 
Academy could be accomplished only 
by a secret vote within the Academy, 
a most unlikely development. 

O^ypenheimer and Sakharov 

The analogy is not perfect, but 
Sakharov's intellectual and moral his- 
tory is similar in important respects 
to that of J. Robert Oppenheimer, 
key figure in the Manhattan Project 
leading to the U.S. atomic bomb. 
Both men fully recognized the dan- 
gerous potential of their research, 
but carried it forward for what may 
be termed soundly idealistic reasons: 
Oppenheimer in a race against Nazi 
Germany's development of an atomic 
weapon ; Sakharov in an effort to 
end a U.S. monopoly in atomic and 
hydrogen weaponry. Sakharov has 
told Western scientists that he 
worked on the Soviet H-bomb pro- 
gram cjuite mindful of the negative 
aspects of Stalinism, but convinced 
that bipoiarity would be more con- 
duci\e to world peace than a mono- 
poly of power by any one country. 
Stalin, he felt, would not likely abuse 
the power thus placed in his hands. 
It was in this spirit that Sakharov 
made some of the key contributions 
to the work of the teams headed by 
Igor Tamm that carried out the first 
hydrogen fusion experiinents months 
before the United States. Partly be- 
cause of Oppenheimer's reservations 
about developing an H-bomb, how- 
ever, he was stripped of his security 
clearance whereas Sakharov may well 
have left classified military research 
of iiis own volition. 



Oppenheimer lost his security 
clearance in the era of Senator Mc- 
Carthy, but continued to the end of 
his life in quiet and articulate dig- 
nity as head of the Princeton Insti- 
tute for Advanced Study. Even the 
titles of Oppenheimer's later books 
show some similarity to Sakharov's 
world view: for example, "The 
Open Mind," "Science and the Com- 
mon Understanding." Men who 
have the creative intelligence to con- 
tribute to such scientific projects 
may well chafe at the restrictions and 
conventions of shortsighted govern- 
ments, and their consciences may well 
be alarmed at how destructive their 
inventions will be if they are ever 
used by any governments. (The 
father of the American H-bomb, Ed- 
ward Teller, however, remains a cold 
war hawk in every sense, arguing 
against curbs on atomic testing, 
against limits on ABM, etc.) 

1970 Sakharov Letter 

The March 1970 letter of Sakha- 
rov and his colleagues has the merit 
of being much briefer than his 1968 
memorandum, and hence can be 
typed and copied throughout the 
USSR via "samizdat" — the home 
printing procedures by which ma- 
terials are reproduced which the 
Party does not permit to be dissemi- 
nated through regular channels. This 
letter focuses on one aspect that is 
also present in the I968 manuscript, 
one that is most relevant to the So- 
viet leadership — the need for greater 
freedom within the country. Sakha- 
rov and his colleagues contend that 
such freedom is required if the USSR 
is to go beyond the present levels 
and blind alleys of its economic and 




Cot 



scientific development. Without a 
complete exchange of information 
and freedom of thought, there will 
be stagnation, duplication of effort 
and wasted opportunities. (While 
not nearly so cosmopolitan and 
arms-control oriented as Sakharov, 
his American counterpart, Edward 
Teller, has also been urging the U.S. 
government in recent years to drop 
most secrecy procedures in the scien- 
tific field because American science 
would thrive in a more open arena.) 

The 1970 Sakharov letter also 
comes at a critical period in the So- 
viet Union, when the forces of re- 
pression are again in conflict with 
pent-up drives for a freer society. 
Since Stalin's death there has been 
a secular trend toward greater liberal- 
ism, with sharp setbacks followed 
by gradual evolution toward en- 
hanced freedom. The underlying 
force behind this trend may indeed 
be related to the inherent require- 
ments of technological efficiency. 
But these tendencies seem also to be 
related to a kind of Zeitgeist that is 
sweeping the world, and which is 
reflected in the revolutions of stu- 
dents in many countries, the women's 
liberation movement and the mount- 
ing demands that the gap be closed 
between the haves and have-nots of 
all kinds. 

There is a kind of paradox in the 
fact that though the means of power 
are increasingly destructive and can 
be monopoliEcd by the central gov- 
ernment, the central regime of a 
modern complex society becomes in- 
creasingly dependent on the coopera- 
tion and moral support of its citi- 
zenery if it is to function efficiently. 
As the United States is now learning 
in the wake of the Indo-China war, 
the unarmed civil disobedience, or 
"dropping out," of moderate num- 
bers of young people can lead to 
wide demoralization affecting even 
the stock markets of the country. 

The Soviet state might get along 
without Andrei Sakharov, but the 
Kremlin simply cannot afford to 
alienate large numbers of its crea- 
tive intelligentsia. The Kremlin has 
tried to deal with such challenges 
by using direct and indirect meth- 
ods, coercion as well as some con- 
cessions. In the short run, the gov- 
ernment or, more specifically, the 
Patty, holds most of the cards. In 



the long run, however, the Party 

must have the support of its people, 
particularly the technocratic intelli- 
gentsia, if sustained economic pro- 
gress is to be made. Such progress, 
in turn, is the sine qua non for mili- 
tary research and development no 
less than it is for peaceful competi- 
tion in trade or in terms of offering 
a model for others to emulate. 

The potential influence of the So- 
viet intelligentsia was demonstrated 
in June 1970 when the protests of 
Sakharov and other scientists seemed 
to be instrumental in obtaining the 
prompt release of Zhores A. Medve- 
dev, a biologist, not long after his 
arrest in Obninsk and bis «camina- 
tion at a mental institution in nearby 
Kaluga. 

Medvedev Case 

Medvedev, brother of the historian 
who co-authored the March 1970 let- 
ter to the Soviet Party and govern- 
ment, may well have been investi- 
gated because of his own writings 
championing intellectual freedom 
and his book "The Rise and Fall of 
T. D. Lysenko," published in the 
United States in 1969 but not in the 
USSR. Medvedev was also the 
author of "International Coopera- 
tion of Scientists .md Foreign Bor- 
ders,' in part an account of his own 
difficulties in maintaining contacts 
with colleagues abroad. In 1969 he 
had been dismi.ssed as head of the 
department of molecular biology of 
the Obninsk Institute of Medical Ra- 
diology. 

Medvedev's release came after a 
number of telegrams and protests 
were sent to the Kaluga authorities 
from Sakharov, the nuclear physicist 
Pyotr L. Kapitsa and other members 
of the prestigious Academy of Sci- 
ences, as well as such people as Alek- 
sandr T. Tvardovsky, the former edi- 
tor of the liberal monthly "Novyi 
Mir." In October 1970 Medvedev be- 
gan work as a senior scientist at the 
All-Union Scientific Research Insti- 
tute of Physiology and Biochemistry 
of Agricultural Animals in Obninsk. 
According to a postcard mailed to 
the "New York Times" office in 
Moscow, Medvedev stated that his 
"present situation has substantially 
improved," and that he would be 
working in the field of molecular 
mechanisms and the development of 



aging organisms. Unfortunately, 

Medvedev's case does not establish 
any clear precedent or policy. It may 
even be an exception in a general 
pattern of exile or imprisonment for 
outspoken Soviet dissidents. The 
publication abroad in 1971 of another 
book by Zhores Medvedev (written 
in part by his brother Roy), "A 
Question of Madness," puts the au- 
thor again in a direct confrontation 
with Soviet authorities. 

Convergence Thesis 

Leaving aside the place of Sakharov 
and other scientists in the process 
of Soviet political life, what are the 
merits — and the prospects — of his 
ideas on the reform of international 
affairs.' To begin with, his 1968 
manuscript posits two main theses, 
which seem ever more persuasive 
with the passage of time : First, that 
"the division of mankind threatens 
it with destruction"; and second, that 
intellectual freedom is essential to 
the development of human society." 

To cope with the problems of our 
time, Sakharov calls for a strength- 
ening of the tendencies toward "con- 
vergence" of the socialist and West- 
ern systems, and for their joint co- 
operation in attacking the problems 
of peace, economic development and 
ecology. "Such a rapprochement," 
according to his 1968 manuscript, 
"implies not only wide social reforms 
in the capitalist countries, but also 
substantial changes in the structure 
of ownership, with a greater role 
played by government and coopera- 
tive ownership. . . ." In the socialist 
countries, this rapprochement pre- 
sumes "preservation of the basic 
present features of ownership of the 
means of production. ..." But, he 
goes on, it will also depend on a 
broadening of freedom — intellectual, 
economic, political and cultural — in 
the USSR, and the overcoming of a 
poverty problem that may include 
23 per cent of the United States pop- 
ulation but 40 per cent of the USSR. 

If we analyze the convergence ar- 
gument, it seems to be a highly sim- 
plified conception of a complex real- 
ity, one that ignores many key varia- 
bles, such as the historical imprint of 
the manner in which each society 
has industrialized. Thus, industriali- 
zation in the United States has been 
accomplished gradually, using decen- 
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tralized private enterprise; in Rus- 
sia (even before the Bolsheviks) at 
a forced pace by directive from 
above. Still, the convergence thesis 
may well be more on target than 
off, even if it materializes in the 
1980s rather than in the 1970s. 

The main premise of the argu- 
ment, as advanced by Sakharov, is 
that: "The development of modern 
society in both the Soviet Union and 
the United States is now following 
the same course of increasing com- 
plexity of structure and of industrial 
management, giving rise in both 
countries to managerial groups that 
are similar in social character." The 
main theoretical limitation to this 
argument (one that is underscored by 
Soviet critics of the convergence 
thesis) is that private ownership of 
the means of production remains the 
basic system in North America, even 
if government controls and social 
welfare prot,M-,ims increase. In the 
Soviet Union, at the same time, the 
means of production remain social- 
ized (state-owned), though increas- 
ing responsibility is being given to 
managers of individual firms. If 
Sakharov is right, however, the re- 
strictions that still bind these mana- 
gers may have to be lifted, in the 
interest of efficiency and innovation. 
(To this we would add, some more 
flexible means must be found to 
"capitalize" young firms that want 
to develop some new idea or prod- 
uct.) As tiiis process continues, what 
essential difference will it make if 
enterprises are owned by stockhold- 
ers, by "society," or by the coopera- 
tive (as in Yugoslavia)? 

Social Development 

Though Sakharov does not em- 
phasize these points, the convergence 
argument could also point to the 
growth of scientific inquiry and edu- 
cation in both superpowers and to 
the trend toward m.iss affluence, even 

though large pockets of poverty re- 
main. 

The evidence suggests that — in the 
USSR no less than in the United 
States — education combined with 
relative affluence generates critical 
elites at many levels of society, not 
susceptible to intimidation or brib- 
ery, anxious and determined to 
change their societies. Contrary to 
the caveats of some sociologists, the 



emphasis in socialist countries on 
rote learning and engineering skills 
has not stifled an interest in the 
humanities or in social reform. In- 
deed, many Soviet scientists and en- 
gineers whom I have met display a 
rem.irkabic breadth of interest and 
knowledge in artistic fields, often 
broader and deeper than that of the 
average Western social scientist diag- 
nosing the shortcomings of Soviet 
society. All over Eastern Europe one 
notes that many persons concerned 
for more liberal development at 
home and internationally are engi- 
neers by training and by profession. 
One factor here may be that Euro- 
pean and Soviet high schools are 
generally superior to American in 
providing an introduction to liberal 
arts before the student enters col- 
lege. European and Soviet colleges 
are more specialized than U.S. col- 




leges, but their students may con- 
tinue an interest in literature and 
other liberal arts that was cultivated 
in the formative high school period. 

Affluence is spreading in the So- 
viet Union, but this need not mean 
that the rising intelligentsia has been 
bought off so that there will be an 
end to all questioning. Indeed, if 
the U.S. example were to be followed, 
the evidence suggests that affluence 
generates not only discontent but 
also a disdain for security for its own 
sake. As early as 1958, David Ries- 
man predicted for a group of Soviet 
editors that the children of an eco- 
nomically-secure generation in this 
country would scorn business and 
engineering for poetry and social 
work. As the Soviet people obtain 
greater free time and less need to 
direct most of their energies to- 
ward material concerns, they may 
come increasingly to value free dis- 
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cussion and criticism. As the title 

of a Soviet novel put it in the mid- 
1950s (paraphrasing the Bible), man 
lives "Not By Bread Alone." Simi- 
larly, Solzhenitsyn leads the reader 
of "Cancer Ward" to warm to the 
book's elderly doctor for whom "the 
meaning of life was to preserve un- 
spoiled, undisturbed and undistorted 
the image of eternity with which 
each person is born." 

Political Arena 

Even if the Soviet Union and the 
United States converge in economic 
and social development, however, it 
might still be a long time before the 
USSR approaches the political de- 
mocracy of America. The forms and 
character of this democracy, of 
course, would be different. But how 
can a society guided by a single Par- 
ty and a claim to absolute truth per- 
mit an element of free choice in the 
political arena? On this most sensi- 
tive issue, Sakharov and his col- 
leagues have formulated a program 
in the fourteen points of their March 
1970 letter. Three of the points are 
particularly important. The tenth 
point would permit "groups of citi- 
zens ' as well as "public organiza- 
tions" to organize and establish new 
press organs, thus breaking the Party 
monopoly on information. The 
twelfth point would overthrow the 
electoral system which makes a farce 
of the Soviet Constitution by per- 
mitting only one candidate to stand 
for election. If more than one can- 
didate could run, this would offer a 
choice to the voter, thus making the 
elected official more responsible to 
his constituents instead of kow- 
towing to the peers or higher authori- 
ties who now decide which single 
man will run on the slate of "Party 
and non-Party candidates." The 
thirteenth point is related to this: 
It would extend the rights and re- 
sponsibilities of the Supreme Soviet 
and other elected organs of govern- 
ment, that is, turn over to them many 
of the tasks now being carried on 
by the Party. 

The November 1970 program for 
a Committee on Human Rights fol- 
lows the same spirit of the March 
1970 letter, for it assumes that pri- 
v.ite citizens can and should orga- 
nize — outside the existing Party and 
government structure — to discuss 
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and act on political issues. Whether 
Soviet citizens actually possess the 
right to organize in this way, how- 
ever, is not clear. Article 126 of the 
Soviet Constitution holds that Soviet 
citizens are guaranteed the right to 
form public organizations, but it 
also specifies that the Communist 
Party "is the leading core of all or- 
ganizations of the working people 
both public and state." Further, Ar- 
ticle 72 of the Russian Federation's 
criminal code makes it a serious 
crime to participate in "an anti- 
Soviet organization" — ^without mak- 
ing clear what constitutes such a 
body. 

Sakharov and his colleagues, for 

their part, seem to believe that Soviet 
legal documents can be interpreted 
to support their movement. His 
group states that members of the 
Committee on Human Rights may 
not be members of a political party 
"or other organizations claiming par- 
ticipation in governmental manage- 
ment." At the same time, the group 
also excludes from committee mem- 
bership anyone engaged in "opposi- 
tion political activity." Similarly, co- 
operation with unofficial foreign or- 
ganizations would be welcomed so 
long as "they proceed from the gen- 
eral principles of the United Nations 
and do not pursue the goal of bring- 
ing harm to the Soviet Union." 

Like the 1968 Sakharov manu- 
script, the principles of the Com- 
mittee on Human Rights posit that 
"the problem of the maintenance of 
human rights is important for crea- 
tion of favorable conditions for peo- 
ple's lives, the consolidation of peace 
and the development of mutual un- 
derstanding." The Committee noted 
the improvement in the protection 
of human rights in the Soviet Union 
since Stalin's death in 1953. The 
Committee went on to express its 
willingness "to cooperate on a con- 
sultative basis with the further ef- 
forts of the state in the creation of 
guarantees for the defense of rights, 
taking into account the specific char- 
acter of the problem in the condi- 
tions of the socialist system and the 
specific character of Soviet traditions 
in this field." In line with the pre- 
mises of the March 1970 letter, the 
Committee said that it wanted to 
cooperate with organs of state power 
in the field of the creation and carry- 
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ing out of guarantees of human 
rights, either at the initiative of the 
committee or the initiative of inter- 
ested organs of power. The group 
further pledged "constructive criti- 
cism of the contemporary conditions 
of the system of legal rights of per- 
sonal freedom in Soviet law." This 
criticism, the Committee members 
affirmed, would be guided not only 
by the U.N. Declaration on Human 
Rights, but also by "the specific char- 
acter of Soviet law" and "the com- 
plicated traditions and real difficul- 
ties of the state in this area." 

Thus, the Sakharov Committee 
expressed its readiness to work with 
the existing authorities, even though 
Party and go\ ernmcnt personnel may 
not belong to the Committee. This is 
is one of the ways that the Commit- 
tee differs from the Initiative Group 
for the Defense of Civil Rights in 
the Soviet Union. The latter or- 
ganization, formed in May 1969, was 
more explicitly critical of the Soviet 
system and appealed to the U.N. 
Human Rights Commission to stop 
the arrest of dissidents in the USSR. 
The United Nations, however, did 
not intervene, and many members 
of the 1969 group have themselves 
been arrested. 

Influences on Sakharov 

The sources of Sakharov's think- 
ing seem to be quite diverse. He and 
his colleagues read widely and they 

seem to exchange ideas in fruitful 
ways that interdisciplinary studies in 
America only aspire to. Some of the 
changes advocated in the March 1970 
letter could be traced to political 
and economic practices in Yugosla- 
via. The concern with human dig- 
nity expressed by the November 1970 
Committee may borrow something 
from the erstwhile Czechoslovak pro- 
gram for "humanizing socialism." 
It may also be traced to native Rus- 
sian minds such as Solovicv and Kro- 
potkin, long out of favor for their 
excessive "idealism," but discussed 
warmly, for example, by Shulubin 
in "Cancer Ward." 

The notion that meaningful change 
can be accomplished within the sys- 
tem could also derive from Alex- 
.uiilci Dubcek, but even more from 
the longer-lived example of Janos 
Kadar in Hungary. It may also be 
influenced by the example of U.S. 



scientists who have sought to mold 

their government's policies, as con- 
sultants but also as leaders of public 
pressure. The interest shown by 
many Soviet reformers in using exist- 
ing laws and legal institutions as 
vehicles for defense of human rights 
is quite striking, and may also de- 
rive from U.S. models. Sakharov, in 
this sense, would be a kind of 
eclectic Ramsey Cark-Ralph Nader- 
William Dougles — in addition to his 
similarities to J. Robert Oppenheimet 
or Jerome Wiesner. Lectures on the 
U.S. Constitution In the Law Faculty 
of Moscow University by Harvard 
professor Harold fierman several 
years ago proved to be so well at- 
tended that they were suspended by 
fiat from above. In my own student 
days at Moscow University I noticed 
considerable enthusiasm when the 
U.S. Supreme Court dealt liberally 
with American Communists, and de- 
jection when the Court took a hard 
line that made U.S. "democracy" 
seem little different from Soviet. 

Implications for Peace 

If Soviet-style communism is to 

survive and prosper, changes of the 
kind advocated by Sakharov and 
others may be necessary, sooner or 
later. If such changes take place, 
however, this would mean that the 
aspects of communism to which 
Western liberals most object would 
be removed. 

What would be the implications 
for international peace if the Sakha- 
rov program were implemented? 
First, we must recognize that East- 
West tensions derive from some real 
conflicts of power politics and from 
anxieties about the dynamics of the 
arms race, and not just from misper- 
ceptions or exaggerated concepts re- 
garding the role of ideology. Even 
if a beneficent convergence occurred, 
this would not guarantee peace or 
cooperation between the superpow- 
ers. As Zbigniew Brzezinski and 
Samuel P. Huntington have pointed 
out, considerable links of trade, fami- 
ly and structural convergence among 
the nations of Europe did not pre- 
vent their fighting a mutually de- 
structive war from 1914 to 1918. 

On the other hand, the state of 
domestic affairs in the two super- 
powers is at least one determinant of 
their mutual relations. As George 
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F. Kennan argued in 1947, a totali- 
tarian dictatorship in Soviet Russia 
might need to generate the image of 
a foreign bogy, if only to justify its 
repressive regime. From the Soviet 
standpoint, a U.S. government re- 
sponsive to the needs of "monopoly 
capital" could also be expected to 
behave aggressively in foreign policy. 

On balance, although convergence 
of the Soviet and Western systems 
would not create a panacea or lead 
inexorably to world peace, it might 
eliminate at least one source of in- 
ternational tension: the belief that 
one side or the other cannot survive 
indefinitely or that the adversary is 
less "moral" than "we" are. At the 
same time, many of S.ikharov's pro- 
posals for international cooperation 
are not really contingent upon con- 
vergence, though it might facilitate 
their implementation. 

Sakharov has much to say that is 
both sound .md visionary on a series 
of interrelated problems of peace and 
development: the threat of nuclear 
war; trouble spots such as Vietnam 
and the Middle East; hunger and 
overpopulation; the psychology of 
racism; pollution of the environ- 
ment; police dictatorships; threats to 
intellectual and other freedoms. On 
the subject of the arms race, for ex- 



ample, he endorses the arguments 
of Western writers such as Hans A. 
Betlie on the impracticality of anti- 
missile defense, and joins those voices 
appealing for a moratorium on con- 
struction of sucii defenses, to be 
followed by a reduction of present 
arms levels. On the subject of hun- 
ger, although his estimate of a "tra- 
gedy" in 1975-80 may be premature, 
his call for joint action to prevent 
mass starvation is not. 

Many of Sakharov's ideas on inter- 
national development seem unrealis- 
tic, in detail if not in principle. Thus, 
he suggests that the United Nations 
should enforce the U.N. Declaration 
on Human Rights — a notion that 
would only increase the cliaos of 
world politics. Presumably he would 
welcome U.N. action against racists 
in South Afrit a, but would he also 
believe it feasible for the world or- 
ganization to defend civil rights in 
Mississippi or in Kazakhstan? It 
seems far wiser to adhere to the prin- 
ciple of noninterference in domestic 
affairs of other nations unless they 
threaten to expand into a threat to 
international peace and security. At 
most it would seem desirable to per- 
mit the United Nations to use moral 
or perhaps economic influence to 
gain respect for human rights, but 



certainly not violence- — unless some 
internationally accepted legal princi- 
ple is being violated. For example, 
by genocide. 

Sakharov seems to understate the 
need for and feasibility of popula- 
tion controls, particularly for the 
third world. He seems to assume 
that in the third world population 
will decline as soon as economic de- 
velopment improves. In the short 
run, however, before that kind of de- 
velopment takes place, people may 
starve in large numbers and they 
certainly will go hungry. Further, 
there have been periods when eco- 
nomic prosperity brought on — at 
least for a short time — an increased 
birth rate. Further, there is the prob- 
lem that improved hygiene will con- 
tribute to longevity in the third 
world. All of this underscores the 
need for population control as soon 
as possible. There are after all other 
methods besides sterilization — the 
only method alluded to by Sakharov. 

Sakharov's plans for coping with 
the economic development of the 
third world and for reversing the 
arms race would make large demands 
on the imagination and good will of 
many concerned governments and 
peoples. He proposes that "a fifteen- 
year tax ecjual to 20 per cent of na- 
tional incomes must be imposed on 
developed nations." Secondary bene- 
fits of this program, he suggests, 
would be a reduction in military ex- 
penditures and a stabilizing effect 
in most underdeveloped countries, 
"restricting the influence of extrem- 
ists of all types." The principle of a 
surtax calculated against national in- 
come per capita is probably a good 
one, but Sakharo\ overestimates by 
a large fraction the willingness of 
the developed countries to be taxed 
at so high a rate and, equally im- 
portant, the ability of the third world 
to absorb usefully such a high in- 
flow of capital — many times higher 
than existing levels of investment 
and assistance. He also seems obli- 
vious to the phenomenon that revo- 
lutionary demands often occur at 
times when social and economic con- 
ditions are improving, thus generat- 
ing demands for greater and faster 
changes. 

Sakharo\'s international program 
is deficient also in that it omits a 
positive approach to Communist 
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China. While demanding "univer- 
sal cooperation," Sakharov adds that 
"ideological collaboration cannot ap- 
ply to those fanatical, sectarian, and 
extremist ideologies that reject all 
possibility of rapprochement, discus- 
sion, and compromise; for example, 
the ideologies of Fascist, racist, mili- 
taristic, and Maoist demagogy." Sak- 
harov may be too anxious to find at 
least some points of agreement with 
his own government (which he also 
supports on Vietn.un, but not on the 
Middle East), but he seems to share 
the Kremlin's excessively self-tigh- 
teous and shortsighted approach that 
merely perpetuates China's isolation 
from the world community. In an 
otherwise magnanimous and far- 
sighted statement, the treatment of 
China offers no suggestions on how 
to deal with the not-so-sleepy giant 
of Asia; nothing about seating her 
in the United Nations ; nothing about 
assuring self-determination for the 
Taiwanese; nothing about economic 
or technical cooperation with China. 

In Summary 

Whatever its shortcomings, the 
Sakharov manifesto of 1968 consti- 
tutes perhaps the best all-round state- 
ment about the problems facing man- 
kind in the near and long range fu- 
ture. It is many times richer and 
deeper, for example, than C. P. 
Snow's recent work, "The State of 
Siege." Sakharov's work is notable 
first for its scope, which includes 
problems of a scientific and techno- 
logical character, those concerned 
with soci,il development, and those 
concerned with the dignity of the 
individual. Second, it is notable for 
its objectivity, as the author attempts 
to provide both the negative and the 
positive evaluation of various phe- 
nomena. Third, it seems clear that 
Sakharov has a rather good under- 
standing of history, literature and 
political theory as well as the theo- 
retical and practical aspects of con- 
temporary science. 

Because of these qualities, Sakha- 
rov's iy68 statement is one that think- 
ing people can endorse, whether they 
live in the West, the Communist 
countries, or the third world. Some- 
how the author has managed, for the 
most part, to transcend the limita- 
tions of ideology and of nationalism. 
Obviously, this is more difficult to 
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do in the Soviet Union than it might 
be in the West. 
The most profound weakness of 

Sakharov's approach derives from its 
basic strength: its extreme rational- 
ity. Sakharov writes and acts as 
;!ioul;1i most men will, in the long 
run, respond to reasoned argumenta- 
tion. He writes as though egotistical 
dri\es for wealth and power — even 
for blood-letting — could be eliminat- 
ed if enlightment spread. His as- 
sumptions could proN'c unworkable 
when applied to power elites anxious 
to retain their privileges, or to the 
majority of the Soviet (or American) 
citizenry, often more concerned with 
gradual improvements in dieit living 
standards than with ultimate ques- 
tions of truth or justice. 

Indeed, who is to ensure that most 
scientists or technocrats will share 
Sakharov's vision of truth.' If given 
power, like Albert Speer, may they 
not work for the Fuhrer no matter 
what task he assigns? May they not 
— like the sharashkas of Solzhenit- 
syn's "First Circle" — do their science 
in exchange for their daily bread? 

Historical experience suggests a 
pessimistic answer to these questions. 
Nevertheless, at a time when the fate 
of the world as well as of individual 
countries depends upon the pursuit 
of enlightened self-interest, rooted in 
affirmation of international inter- 
dependence, one may hope that the 
rationalist approach may gain accept- 
,in(L, If this approach fails, what 
other alternative may succeed? 

There are a number of indications 
in Sakharo\ 's st,itcmcnt th.it the East- 
West dialogue has been going bet- 
ter than some observers have thought. 
It is encouraging, not only to see 
his references to Western scientific 
literature, but also to consider his 
support for a moratorium on anti- 
ballistic missile deployment. 

Naturally enough, the thrust of 
Sakharov's criticism of existing poli- 
cies is directed toward those of his 
own government. His understand- 
ing of the American scene is to be 
appreciated, for example, his under- 
standing of racial problems in the 
United States or his respect for the 
problems of innovating rather than 
following in technological devel- 
opment. A comparable statement 
by Western intellectuals, however, 
would have to be critical of their 



own systems of power and manage- 
ment based on the same kind of 
detailed analysis that Sakharov ap- 
plies to his own country's problems. 
A similar task would confront intel- 
lectuals in countries of the third 
world, for Sakharov spelled out very 
few of the problems for which these 
regimes are themselves in large part 
responsible. In this sense, Sakharov's 
statement brings before us not only 
a proposal for collaborative action 
to deal with the present and future 
problems of world civilization, but 
also a challenge to thinking people 
in the West and in the third world 
to look more closely at the motes in 
their own eyes and not just at oth- 
ers' blemishes. 

PtOure open-Ended 

Convergence is not inevitable 
(nor is "parallel evolution" of 
American capitalism and Soviet so- 
cialism as discussed by Brzezinski 
and Huntington). Convergence need 
not be the cornerstone of peace and 
cooperation. But coexistence and in- 
tellectual freedom probably are es- 
sential to peace and development. 
The future may be more open-ended 
than we imagine. Unless we guide 
technological change and political- 
sociological-economic development 
in particular directions, the future 
may turn out to be a nightmare rath- 
er than a Utopian blending of the 
best in the respective systems avail- 
able totlay. Trends in either super- 
power could easily develop so as to 
contradict the humanist values 
espoused by Sakharov. Still, Sakha- 
rov has offered all of us a program 
for the future, one that should con- 
tinue to be widely discussed. If we 
disagree with some points, we should 
improve on them. If we believe that 
some of his ideas are sound but pre- 
mature, we should hold them before 
us as goals toward which to direct 
ou r near-term and medium-term poli- 
cies. 

Nineteenth century Russia spawned 
many "superfluous men" — men 
whose visions far outstripped the 
capacities of the Tsarist regime Ot 
the understanding of the masses. 
Sakharov, however, is not a super- 
fluous man but one who is profound- 
ly rele\'ant to the enduring objective 
and subjective needs of industrial 
and post-industrial society. 
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AND CHINA, Harrison Salisbury. Re- 
viewed by Eugene Rabinowitch, Sept., 

54-56. 

Conant, James B., MY SEVERAL LIVES, 
MIMOIRS OF A SOCIAL INVENT- 
OR, Feb., 47-48. 

Cooper, Chester, LOST CRUSADE- 
AMERICA IN VIETNAM. Reviewed 
by Robert Gomer, May, 45-46 

Diebold, John, MAN AND COMPUTER, 
Jan., 50-51. 

Duncan, Francis, Richard G. Hewlett, 
ATOMIC SHIELD 1947-1952, Jan., 48- 
50. 

ENRICO FERMI: PHYSICIST, Emilio 
Segre. Reviewed by Jane Wilson, Feb., 

47-48. 

Fulbright, Sen. T. W., PENTAGON 
PROPAGANDA MACHINE, April, 

1.V44. 

Gamow, George, MY WORLD LINE, 
AN INFORMAL AUTOBIOGRAPHY, 
Feb., 47-48, 

GREENING OF AMERICA, Charles A. 
Reich. Reviewed by Eugene Rabino- 
witch, Nov., 33-37. 

Hewlett, Richard G., Francis Duncan, 
ATOMIC SHIELD 1947-1952, Jan., 48- 
50. 

Kessle, Gun, Jan Myrdal, CHINA: THE 
REVOLUTION CONTINUED, Sept., 
54. 

LEGAL LIMITS ON USE OF CHEM- 
ICAL AND BIOLOGICAL WEAP- 
5nS, Ann Van Wynen Thomas and 
A. J. Thomas, Jr. Reviewed by Alex 

R. Seith, April, 42-43. 
Lieberman, Joseph I., SCORPION AND 
TARANTULA: STRUGGLE TO 
CONTROL ATOMIC ENERGY 1945- 
1949. May, 47. 



LIFE ON MAN, Theodor Rosebury. Re- 
viewed by Robert Haselkorn, Jan., 51. 

LOST CRUSADE— AMERICA IN VIET- 
NAM, Chester Cooper. Reviewed by 
Robert Gomer, May, 45-46. 

MAKING OF AN EX-ASTRONAUT, 
Brian O'Leary. Reviewed by Edwin E. 
Salpeter, Mar., 44. 

MAN AND COMPUTER, John Diebold. 
Reviewed by Albert Silverman, Jan., 
50-51. 

MILITARY ESTABLISHMENT: ITS 

IMPACT ON AMERICAN SOCIETY, 
Adam Yarmolinsky. Reviewed by Her- 
bert Scoville, Jr., June, 38. 
MY SEVERAL LIVES, MEMOIRS OF A 
SOCIAL INVIiNIOR, James B. Co- 
nant. Reviewed by Jane Wilson, Feb., 
47-48. 

MY WORLD LINE, AN INFORMAL 

AUTOBIOGRAPHY, George Gamow. 

Reviewed by Jane Wilson, Feb.. 47-48. 
Myrdal, Gunnar, CHALLENGE OF 

WORLD POVERTY, Mar.. 45-47. 
Myrdal, Jan, Gun Kessle, CHINA: THE 

REVOLUTION CONTINUED, Sept. 

54. 

O Leary, Brian, MAKING OF AN EX- 
ASTRONAUT, Mar., 44. 

PENTAGON PROPAGANDA MA- 
CHINE, Sen. J. W. Fulbright, Re- 
viewed by Herbert I. Schiller, April, 
43-44. 

REBELS AGAINST WAR : AMERICAN 
PEACE MOVEMENT 1941-1960, Lawr- 
ence S. Witner. Reviewed by Paul 
Olum, Mar., 47-48. 

Reich, Charles A., GREENING OF 
AMERICA, Nov., 33-37. 

Rosebury, Theodor, LIFE ON MAN, 
Jan., 51. 

Rosenfeld, Albert, SECOND GENESIS: 
COMING CONTROL OF UFE, Jan., 

47-48, 

Salisbury, HarriMm, COMING WAR BE- 
TWEEN RI SSIA AND CHINA, Sept., 
54-56. 

SCORPION AND TARANTULA : 
STRUGGLE TO CONTROL ATOMIC 
ENERGY 1945-1949. Joseph I. Lieber- 
man. Reviewed by Robert Gomer, May, 
47. 

SECOND GENESIS: COMING CON- 
TROL OF LIFE, Albert Rosenfeld, Re- 
viewed by Ruth Henoch, Jan., 47-48. 

Segre, Emilio, ENRICO FERMI: PHYSI- 
CIST, Feb., 4^-48. 

SOCIAL RESPONSIBILITY OF SCIEN- 
TIST, edited by Martin Brown. Re- 
viewed by Louis F. Gtui, June, 36-37. 

Thomas, A. J. Jr., Ann Van Wynen 
Thomas, LEGAL LIMITS ON USE OF 
CHEMICAL AND BIOLOGICAL 
WEAPONS, April, 42-43. 

Thomas, Ann Van Wynen, A. J. Thomas, 
Jr., LEGAL LIMITS ON XJSE OF 
CHEMICAL AND BIOLOGICAL 
WEAPONS, April, 42-43. 

Wilson, Andrew, BOMB AND COM- 
PUTER, Jan., 50-51. 

Witner, Lawrence S., REBELS AGAINST 
WAR: AMERICAN PEACE MOVE- 
MENT 1941-1960, Mar., 4--48. 

Yarmolinsky, Adam, MILITARY ESTAB- 
LISHMENT: ITS IMPACTS ON 
AMERICAN SOCIETY, June. 38. 



McGovern's Quiet Progress 



McCovern? A great guyl 

Would obviously be a great President — if only we 
could appoint him! 

First U. S. Senator to speak out against our military 
intervention in Vietnam, way back in 1963. 

Outstanding critic of the defense budget. 

Lonely crusader against hunger in America. 

Chief architect of delegate selection reform in the 
Democratic Party. 

Ctmsistendy liberal but a big vote-getter in his conserva- 
tive native state of South Dakota. 

But the D^ocratic presidential nomination? Forget 
it He doesn't have a chance. Starts from too far behind. 

And too nice a guy. Not fier\- enough. 

And so on and so on. Right? 

This was pretty much the reaction when Senator Mc- 

Govem shattered political precedent la.st Januar\- b\ be- 
coming a declared candidate for the Democratic presiden- 
tial nomination a whole year ahead of time. 

"They tell us that George McGovem cannot become 
President because he is too decent," wrote newspaper 
columnist Pete Hamill. 

The Nation agreed: "His decency as a human being is 
« distinct llabflity." 

But as The New Republic said during McGovem's hear- 
mgli on faangCT, "It is awfully hard to stop men like Mc- 
Govem. They have iron in them . . . Don't underestimate 

him." 

And since he declared his candidacy, he has campaigned 
tirelessly and progressed steadily. 

Now, people are beginning to rub their eyes in astonish- 
ment and say, "By goUy, maybe he does have a chance!" 

First of all, he has received nearly $500,000 from sup- 
porters, mostK' in small contributions of $1 to $100. That's 
not nearly enough to carry him through all the primaries, 
of course. But it's a remarkable outpouring of sentiment 
so early in the game. 

He's won tlie support of people with a lot of savvy and 
high standards, such as John Kenneth Galbraith, Gloria 
Steinem, George Wald, Hans Morgenthau, William Sloan 
Coffin, Arthur Schlesinger, Henry Steele Commager, Frank 
Mankiewicz, Shirley MacLaine. Rlair Clark. 

In New Hampshire, he has the support of half the people 
who toere DemocraHc Delegates in 1968 and three-fourths 
of the people who were McCarthy Delegates. 

In New York, he has been endorsed by the Democratic 
Party Leader of Queens, Matthew Troy; the Borough Pfe«- 
ident of the Bronx, Robert Ahrams, and recent Democrat^: 
candidate for the U. S. Senate, Richard Ottinger. 

In Nebraska, former Governor Frank Morrison will 
serve as Chairman of Nebraska Citizens for McCovern. 

"CROWDS HAH. McCOVERN IN WISCONSIN. " read 
a headline in The New York Times on March 8. Tlic news 
story which followed reported that "he drew about 4,500 
persons to a speech on the University of Wisconsin cam- 
pus, and the audience, noted for its intolerance of poli- 
ticians, gave him a standing ovation at the end. Later, 
Friday, he drew another overflow crowd at a Madison 
hotel reception despite a driving snowstorm." 

In Pennsylvam*a, the Philadelphia Evening Bulletin re- 
ported on July 29 that "The 1972 Pennsylvania Presidential 
primary is still nine months away, but Delaware County 
Donocrats are reportedly already lining up support for 



Soudi Dakota Senator George S. McGovem. Several local 
Democrats recently stated that support for McGovem has 
increased in the past few months. 

"Every Democrat who has expressed an interest about 
becoming a candidate for delegate to the national con- 
vention is supporting McGovem," (me leader said. 

Stndnits for McGovem chapters have sprung up on 
more than 350 college campuses. 

Tom Wicker of The New York Times told poBticat writer 
Jack Newfield, according to Newfield's account in The 
Village Voice on August 12, "George is being under esti- 
mated. I think he is probably not getting the (newspaper) 
Sptee he deserves. He is quite strong in the farm belt He 
has real organizations going in some <rf those states. I 
think McGovem is going to win a primary, and then 
some folks are going to have egg on their face." 

Maybe it's too soon to caU aU this a groundsuteU. 

But it's not too soon to say that McGovem is a serious 
contender for the presidential nomination. 

And it's not too soon for you to make up your mind to 
help him get it 

The primary campaigns in New Hampshire and Florida 
begin in barely 60 days. After that comes Wisconsin. 

The stronger tlip sliowint; MiCo\fni makes in those 
first primaries, the stronger he will become in terms of 
support, financial backing, and news coverage. 

Thanks to the reforms drafted by the McCovern Com- 
mission, at least 63% of the delegates to the 1972 Demo- 
cratic Convention will be direcdy elected by the people 
in at least 23 state primaries. 

This means that, for the first time, the candidate who 
successfully takes his case to the people can be assured of 
winning the nomination, whether the "power brokers" 
like it at not 

And you can play a part in helping Senator McGovem 
take his case to the people, by making a contribution to 
his campaign now. 

The Pentagon papers have widened the credibility' gap 
between the Administration and the country' into a canyon. 
American people are hungering for a man they can trust 
— a man who sees the tnith and tells the truth. 

We think George McGovem is such a man. And we 
urge you to join with us in helping him win the Democratic 
presidential nomination, by mailing the coupon with your 
heartfelt contribution. 

McGovem is getting tiiere. Here's your chance to he^. 

Mail To: McCovern for I'rcsidfut Cuaiinittce 

410 First Street, S.E., Washington, D. C. 20003 
1 1 

□ I support Senator McCovern in his efforts to lead our 
country along the path of peace, reconciliation and re- 
dediartion. Enclosed is my contribution of 9 

□ Min 
~ Mn. 

Mr. 



Address 



Apt. 



City SUte Zip 

n Please enroll me in the McGovem for President Club 
made up of supporters pledged to contribute $10 or 
more a month until the convention, and keep me 
doiely inftmned on the progress of the campaipi. 

PleM« Mahe Chech PiymMe t» McCovem for PtwMwt Comdttee. 



(Paid Politieil Advertisement) 
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The gift cookbook 
of the season for 

ecologists,"con- pi 

sumerists/'organic Wi 
cooks and dieters,and \l V * ' ;^ ji 

everyone with a taste \ | W///-^ 

for gourmet meals \ \ r ^ ji/.^^ 

BY JEAN HEWITT 

NATURAL FOODS COOKBOOK 



BY JEAN HEWITT 



Nearly 700 recipes selected by The Times for their good taste as 
iood — not fad. 

THE KIND OF MEALS YOUR FAMILY LIKES — but without 

artificial flavors, colors, softeners, emulsif iers, bleaches, preservatives, 

chemicals or hydrogenated fats. 

Ingredients easily available no matter where you live. 

FOOD TO SERVE WITH PRIDE (and without apologetic pep-talks 

about its being natural or organic or "good for you"). 



ing. A series of advertisements in The Times 
itself invited knowledgeable readers to sub- 
mit "recipes for dishes that have helped turn 
your family and friends away from highly 
processed foods". More than three thousand 
recipes were received, and the best of them 
are in THE NEW YORK TIMES NATU- 
RAL FOODS COOKBOOK. 

NEW WORLD OF DINING PLEASURE 

There are 25 recipes for canapes, appetizers 
and hors d'oeuvres ... 45 recipes for mak- 
ing soup from scratch; 15 for fish and sea- 



If you think natural food is all pumpkin 
seeds and molasses, this new cookbook from 
The Times will come as a delicious surprise. 
It includes natural recipes for such interna- 
tional delicacies as Spanish gazpacho, French 
coeur a la creme. Italian ciambotta, Scandi- 
navian fruit soup, Mexican guacamole, Rus- 
sian borscht and Near East falafel. (You 
may find the fresh flavor and texture more 
authentic than versions you've served before 
— without the "American" taste of processed 
ingredients). 

"THE WAY FOOD USED TO TASTE" 

This book is a modern treasury of the culi- Distributed to the trade by World Publishing Company 

nary wisdom that was second nature to our IF YOUR BOOKSELLER IS OUT OF STOCK, MAIL THIS COUPON 

great-grandmothers, whether they were bom f ____ ______ ___ — 

in America or in the homelands of great OUADRA.NGLE BOOKS, Depr. l/G 

' 330 Madison A venue. New York. N. Y. 1001 7 



food, 55 for meals and poultry; 70 for vege- 
tables; 55 for vegetarian entrees (don't knock 
them until you've tried them as alternatives 
to the excessive consumption of animal pro- 
tein); 70 recipes for salads and really fresh 
salad dressings; 30 recipes for pancakes and 
pastas with great sauces; 90 recipes for 
home-baked breads including quick breads, 
yeast breads and unleavened breads; 140 rec- 
ipes for desserts that range from a smooth, 
aristocratic Apricot Mousse to a mind-blow- 
ing concoction called Consciousness III. 

Also: E^y recipes for home-made breakfast 
cereals and baby foods! 20 recipes for rel- 
ishes, preserves and sophisticated sandwich 
spreads; 20 more for home-made candies. 
You'll learn the two best ways to make your 
own yogurt (starting with either existing yo- 
gurt or dry Bulgarian cultures) and how to 
grow your own bean-sprouts, seed-sprouts 
and grain-sprouts indoors (with 30 recipes 
for making the most of their flavor, texture 
and sensational economy).400 Pages. $9.95 



A NEW YORK TIMES COMPANY 



.copies of THE NEW YORK TIMES NATURAL FOODS COOKBOOK 
hy Jean Hewitt @ $9.95. If I find the book unsuitable for any reason. 1 may return this order 
within 10 days and owe nothing. Otherwise you will bill me at $9.95 plus shipping. 

□ SAVE. Check box and enclose $9.95 per copy. Publisher then pays shipping. 

□ CHARGE MY MASTER CHARGE. 

□ 4-DIGIT INTERBANK EXP. DATE 

( Publisher will pay shipping ) 

NAME 

ADDRESS^ 



YOUR SIGNATURE. 



cooking around the world. Some of the crea- 
tive ideas go back to the early Amish and ! Please send. 
Shakers. Others derive from the traditions 
of South Seas, Chinese and Jewish cuisine. 
A very deluxe tzimmes? (See chapter 7). 
There are hearty meals to satisfy the meat- 
and-potatoes appetite. There are snacks, 
drinks, cookies and candies so sinfully good 
that it's hard to believe they aren't bad for 
you or for the environment. 

The recipes are the result of a 12-month 
search by The Times. Famous chefs and 
gastronomes who have experimented with 

natural ingredients were consulted on ways I city state zip. 

to emphasize the benefits of the freshness 
advocated by good cooks from Escoffier to 
the present -and implicit in natural cook- LN^*J°^k.J]'|2fl'"iSl"i^'2i":i'l",!Itl'*±''^^^^^ J 
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